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Fire was there in the beginning, and fire will be there till the end, 
we can not change the mistakes we made with it, but we can 
use the information and knowledge we gained to shape the 
Kruger National Park with it into a better bio-diverse ecosystem. 
      PJL Lombard (2003) 
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CHAPTER  1 
1. INTRODUCTION 
  
1.1 BACKGROUND 
 
The recorded history of veld burning in the Kruger National Park (KNP) 
started with the appointment of Colonel James Stevenson-Hamilton as 
warden of the Park (then the Sabie Game Reserve) in July 1912 and can 
be divided into five periods: 
 
From 1912 to 1926, a haphazard, and indecisive burning policy was 
practiced, mainly due to the perception that fire was unfavourable for the 
environment and because the means to combat veld fires were very 
meagre. 
 
From 1926 to 1948, in which period it was realized that fire was not only 
unavoidable over a large area such as the KNP, but also actually 
desirable, necessary and beneficial when applied with circumspection.   
During this period the capability to successfully introduce and apply a 
definite fire policy did not exist. 
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From 1948 to 1956, prescribed burning was not practiced, but a network 
of graded firebreaks was being established (to create burning blocks), 
and wild fires were actively combated. 
 
From 1957 to 1993, during which period a definite prescribed burning 
policy was practiced, amended several times, but basically consisting of a 
triennial rotational system where blocks were burned by management.   
All fires of non-management ignition sources were combated. 
 
From 1993 to the present, when a policy of allowing lightning-ignited fires 
to burn freely was introduced, and fires of human origin were suppressed.   
The shift away from a rigid prescribed burning programme was because 
of the concern that the dominance of grass species characteristic of over 
utilised veld was a result of too frequent burning (Potgieter, 2001). 
 
Lightning fires probably played just as an important role in shaping African 
savanna in pre-industrial times as anthropogenic fires caused by pre-
industrial man.   The role of post-industrial man as far as its influence on 
the creation of savanna is concerned is probably negligible, but 
significantly important in the role of maintaining savanna, although 
probably not more so than that of lighting fires.  Fires caused by post-
industrial man becomes suspect as far as the creation of savanna is 
concerned, because instead of the mere burning of the veld for the pure 
reasons of survival as practiced by pre-industrial man, a measure of 
commercialism crept in (Potgieter, 2001). 
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Fire management of the KNP in pre-industrial times can be regarded in 
the same light as that of post-industrial times.   Although the motive for 
burning the veld in the KNP was beyond reproach, the underlying 
reasoning was not.   Managers’ thinking was geared towards preventing 
so called “devastating fires”, laying to waste large areas of the Park, not 
realising that this was in actual fact nature going about its business in this 
ecosystem.  They therefore devised a system of firebreak roads, which 
was gradually extended to the extent that we now have more than 4000 
km roads that must be maintained.  This was all in the cause of 
preventing or managing lightning and arson fires. 
 
Given the above, a revision of the veld fire policy was extremely 
necessary.  The mission statement hammered out during the revising 
process in 1993 underscored and supported the proposal put forward in 
1992, that lightning fires should be recognised as a legitimate and 
completely natural phenomenon in the Lowveld ecosystem.  This had to 
be weighed against the prevailing practice of combating all fires caused 
by lightning and non-management anthropogenic sources of fire.  
 
The essence of this policy would therefore be to allow lightning-fires to 
burn to their full extent i.e. if vegetation conditions (available biomass) are 
such that large areas will burn, then such burns will be permitted to 
proceed to their full extent with the provision that no more than 50% of the 
management unit will be allowed to burn out (no matter what the ignition 
source) in a specific fire season (Potgieter, 2001). 
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1.2 PROBLEM STATEMENT  
 
The main problem, on which this research will be focusing, is the lack of 
knowledge on the effect of fire frequency and season of burning on the C. 
mopane Shrubveld. 
 
1.3 THE SUBPROBLEMS 
 
The main problem has been subdivided into two sub problems: 
 
· To gain information on the effect of fire frequency and season of 
burning to improve the lack on knowledge on the C. mopane 
Shrubveld in the Kruger National Park. 
 
· To improve the fire management approach within the Park. 
 
 5
1.4 AIM OF RESEARCH 
 
· The research will be investigating the effect of fire on the C. 
mopane Shrubveld in different seasons and at different 
frequencies, with specific reference to the effect of fire on the 
grasses and trees in this veld type. 
 
· The research aims to confirm or refute the assumptions made, on 
the historical active fire management within the Park. 
 
1.5 OBJECTIVES OF THE RESEARCH 
 
To achieve the aims of this research it will be necessary to: 
 
· Conduct a full survey of the vegetation (grasses and trees) of the 
Mooiplaas burning plots in a way that will be comparable to the 
baseline data; 
 
· Compare the vegetation change over time statistically, within and 
between treatments, to determine if there were significant changes 
since the commencement of the trial; 
 
· To determine the effect of fire frequency and season of burning on the 
C. mopane Shrubveld of the Kruger National Park. 
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1.6 HYPOTHESIS 
 
The following general hypotheses have been formulated: 
 
· Fire treatments at a different frequency and season of burning will 
affect the woody and grass species in different ways; 
 
· Quadrennial and sexennial burns are more relevant in this specific 
veld type; 
 
· Plots burnt more regularly (annually and biennially) have a higher 
density of woody plants that those burnt less regularly (triennially) or 
not at all (control); 
 
· Control plot reveals better balance in its herbaceous layer and woody 
vegetation than the other plots. 
 
1.7 DELIMITATION OF THE RESEARCH 
 
This research was conducted in the KNP on the C. mopane Shrubveld on 
basaltic clay soils in the Mopane area with specific reference to the 
Mooiplaas burning plots. 
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1.8 DEFINITION OF TERMS 
 
· A 2 sample t-test a test to be applied to two independent samples 
whose test statistic has a STUDENTS T DISTRIBUTION (E.J Borwski 
and J.M Barweni, 1989). 
· Backfire:  A surface fire burning against the wind (Trollope, 1983). 
· Baseline data: Data that was collected between April 1954 – March 
1958 during bush and grass surveys on the plots before the first burn, 
which forms the basis of this research. 
· Belt Transects: It can be described as 300m lines over two diagonals 
of each burning plot. 
 
 
 
 
 
 
 
 
· Behrens-Fisher Problem:  The problem of finding a test for the 
equality of the MEANS of two NORMALLY DISTRIBUTED  
populations with different VARIANCES, given a sample from each.  
This was a central issue of study in the first half of the 20th century, 
Scheffé devised an exact test that does not use all the information 
contained in the sample and that is not unique unless the sample 
180m 
380m 
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sizes are equal and some natural pairing of the samples is used; 
Behrens, Welsh, Satterthwaite, and others give approximate solutions 
using all the information, if the variances are equal, a t-test based on 
the pooled variance is used (E.J Borwski and J.M Barweni, 1989). 
· Controlled burning:  Burning of veld for a specific reason (Trollope et 
al, 1990). 
· Decreaser species:  Species, which dominate in good veld but 
decrease when veld is mismanaged (Taiton, 1981). 
· Fire behaviour:  It is the release of heat energy during combustion as 
described by fire intensity, rate of spread of fire front, flame 
characteristics and other related phenomena (Luke & McArthur, 1978 
as mentioned by Trollope, 1983). 
· Firebreak:  Fire or man-made barrier used to prevent or retard the 
spread of fire (Kothman, 1974, as mentioned by Trollope, 1983). 
· Fire ecology:  It is the study of interaction of the biotic and abiotic 
components of the ecosystem with the season frequency, type and 
intensity of fire (Trollope, 1983). 
· Fire intensity:  The release of heat energy per unit time, per unit 
length of fire front, Kilojoules/Second/metre (Kj/s/m) (Byram, 1959). 
· Fire regime:  Fire regime refers to the season and frequency of 
burning and the type and intensity of the fire (Trollope, 1983). 
· Frequency of burning:  Frequency with which fires are applied, 
expressed as the number of years lapsing between burns e.g. annual 
burn, biennial burn (Trollope et al, 1990). 
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· Fuel load:  Mass of fuel per unit area that is available for combustion 
during a fire – kg/m2 (Luke & McArthur, 1978 as mentioned by 
Trollope, 1983). 
· Head fire:  A surface fire burning with the wind (Trollope et al, 1990). 
· Historical active fire management approach:  Indiscriminate 
application of fire to improve spraying, fire exclusion, prescribed 
burning on fixed and flexible rotations and a policy of natural burning 
(in that order) (Van Wilgen et al, 1990). 
· Proportions test:  There are two populations of interest, the same 
trait is studied in each population, each member of each population 
can be classed as either having the trait or failing to have it and in 
each population the proportion having the trait is unknown.  Random 
samples are drawn from each population.  These samples are 
independent of one another in the sense that the objects drawn from 
one population do not determine in any way which objects are 
selected from the second population (J.S. Milton and Jesse C. Arnold; 
1990). 
· P-value:  The probability that a given TEST STATISTIC takes either 
the observed value or one that is less likely under the NULL 
HYPOTHESIS.  If fixed in advance this is the SIGNIFICANCE LEVEL 
of the test (E.J Borwski and J.M Barweni, 1989). 
· Savanna:  A physiogramic type of vegetation comprising of a tree or 
shrub overstorey and herbaceous understorey (Trollope & Trollope, 
1990).  
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· Shrub:  Dense vegetation dominated by short, stunted woody plants 
(Kothman, 1974 as mentioned by Trollope and Trollope, 1990). 
· Two tailed test:  Concerned with the hypothesis that an observed 
value of a TEST STATISTIC differs significantly from a given value, 
where an error in either direction is relevant.  For example, in testing 
the fairness of weighing scales an inspector will seek to exclude both 
overweight and under weight goods (EJ Borowski and JM Borwein, 
1989). 
· Types of fires:  Three broad types of fire are recognized, based on 
the layers in which the vegetation burns. 
o A ground fire is a fire that burns below the surface of the ground 
in deep layers of organic material and plant debris (Brown & Davis, 
1973; Luke & McArthur, 1978 as mentioned by Trollope, 1983). 
o A surface fire is a fire that burns in the herbaceous surface 
vegetation (Brown & Davis, 1973; Luke & McArthur, 1978, as 
mentioned by Trollope, 1983). 
o A crown fire is a fire that burns in the canopies of trees and 
shrubs (Brown & Davis, 1973; Luke & McArthur, 1978 as 
mentioned by Trollope, 1983). 
 
1.9 ASSUMPTIONS 
 
· The researcher accepts that there are and will be tourists and 
transmigrants from Zimbabwe and Mozambique that will cause fires in 
the park. 
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· The researcher accepts that lighting will cause natural fires. 
· The researcher accepts that the burning plots may not always be 
burned due to droughts and floods. 
 
1.10 THE SIGNIFICANCE OF THE RESEARCH 
 
The most current research findings in South Africa on the effects of 
season of burning, indicate that the physiological state of the plants, 
rather than the time of the year, determines the reaction of plants to fire 
(Trollope, 1990).  It is recommended that greater intervals between burns 
be introduced because the veld condition-monitoring program of the KNP 
indicates that the frequency of burning in the Park has been high in the 
past.  Therefore it would be desirable to determine the long-term effect of 
a greater interval between burning treatments in the natural environment 
of the KNP in a, as far as possible, statistically controlled manner.  This 
research can also provide a unique mechanism for monitoring responses 
in the ecosystem during the current predicted period of climatic change in 
situations where the burning history of the areas is known and has been 
measured for a long time. 
 
An in depth analysis of the treatment effects on the woody components of 
the vegetation as well as a descriptive analysis on the grass sward will 
provide a greater insight into the functioning of the vegetation in the KNP.  
This will ensure a better interpretation of the effects of the current policies 
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related to fire, animal populations and water provision and will result in 
the efficient use of thresholds of potential concern (TPC’s). 
 
This research will also serve to answer questions and to confirm or refute 
assumptions on the historical active fire management approach within the 
Park, and it will definitely help the new fire management and biodiversity 
approach within the C. mopane veld of the Kruger National Park. 
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CHAPTER 2 
2. A REVIEW OF THE RELATED LITERATURE 
 
2.1 INTRODUCTION 
 
The various approaches to fire management in the 1.9 million hectare 
KNP over the past 74 years have reflected the evolution of an 
understanding of the role of fire in savanna ecosystems.  The practices 
since the Park’s proclamation in 1926 have included the ‘indiscriminate’ 
application of fire to improve grazing, fire exclusion, prescribed burning on 
fixed and flexible rotations, and a policy of natural burning (in that order) 
(Van Wilgen et al, 1990). 
 
The policy of prescribed burning in a three-year cycle was introduced in 
1957.  The official view at that time called for the policy to continue, “until 
such time that it is proved incorrect” (Joubert, 1958).  At the same time a 
comprehensive burning experiment was initiated to investigate the effects 
of fire (Van der Schiff, 1958).  This experiment included the application of 
annual, biennial and triennial burns in different seasons on plots located 
in the major landscapes of the Park.  The experiment was expanded in 
the late 1970s (Gertenbach & Potgieter, 1979), and the application of 
treatments has continued to the time of writing (2003).   
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2.1.1 FIRE BEHAVIOUR 
 
The effect of fire on natural ecosystems involves the response of living 
organisms to the release of heat energy through the combustion of plant 
material.  The manner in which and the factors that influence the release 
of heat energy, involves the study of fire behaviour.  Trollope (1983) 
mentioned that there is a serious dearth of knowledge in Africa, 
concerning the behaviour of fires and this is particularly applicable to the 
savanna and grassland areas of the continent.  Virtually no attempt has 
been made to quantify the dynamics of the release of heat energy during 
a fire and the subsequent response of plants to this.  The determination 
of such relationships helps to clarify and explain many of the apparently 
inexplicable effects of fire, which are often cited in the literature (Trollope, 
1983).  Research on the effects of fire has been conducted throughout 
the grassland and savanna areas of Africa, particularly in Southern 
Africa, since the early period of the 20th century (Trollope, 1983).  An 
interesting feature about these early investigations and subsequent 
research up until 1971, was that they focused on the effects of season 
and frequency of burning on the forage production potential of the grass 
sward and the ratio of bush to grass in savanna areas (Trollope, 1983). 
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2.2 FIRE REGIME 
 
A study of the literature shows that there is virtually no information 
available on the ancient fire regime that existed prior to the advent of man 
or before his presence had a significant effect on the savanna areas of 
South Africa.  Nevertheless, based on the knowledge of fire behaviour it is 
logical to expect that the factors that played the greatest role in 
determining the season, frequency and intensity of natural fires in the 
savanna were fuel load, fuel moisture and the incidence of lightning.  
Komarek (1971) stated that Africa has a unique fire climate that 
accentuates the probability and occurrence of lighting fires because at the 
end of the day, periodic dry lightning storms frequently occur and ignite 
many fires.  The importance of lightning as an ignition source in the 
Kruger National Park is shown by Gertenbach & Potgieter (1979) who 
found that lightning caused 45% of all unscheduled fires during the 
1977/78 season. 
 
Fire regime can be described as another all embracing term used to 
describe different aspects of burning.  Trollope (1983) states that the term 
fire regime includes the components of season, frequency, intensity of a 
fire and the type of fire.   
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2.2.1 SEASON OF BURNING 
 
Concerning the season of burning that occurred in the natural fire regime, 
Komarek (1971) quotes the Secretary of Forestry in South Africa (1967), 
who stated that “. . . most of the fires of any consequence that are 
initiated by lightning occur during the early summer months, October and 
November, before the summer rains have commenced or set in properly.”  
This evidence reveals that the burning season under the natural fire 
regime occurred most frequently at the end of the dry season and just 
prior to the first spring rains. 
 
2.2.1.1 EFFECT OF SEASON OF BURNING ON THE HERBACEOUS LAYER 
 
There is a limited amount of published quantitative information on the 
effect of season of burning on the grass sward.  For all practical 
purposes, burning when the grass sward is dormant in late winter or 
immediately after the first spring rains makes little difference to the grass 
sward.  This conclusion is supported by Tainton, Groves and Nash 
(1977) who also found that veld recovers the same whether burnt before 
or immediately after the first spring rains in Kwazulu Natal.  Burning 
when the grass was actively growing, adversely affected the recovery of 
the grass sward when compared with burning when the grass was 
dormant.  With the early summer burn, the grass tillers were actively 
growing, and the elevated shoot apices were probably more vulnerable 
to the fire.  Also the mean rate of spread for the early summer burns 
was 0.11M.S-1 compared with 0.31M.S-1 for the late winter burns.  This 
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would suggest that, in the slow-moving early summer burn, 
temperatures went above a critical threshold for a longer time than with 
the faster-moving winter burn, thus causing more damage to the 
exposed shoot apices (Trollope, 1987). 
 
Season of burning also has an effect on the botanical composition of the 
grass sward. It was found in KwaZulu-Natal Province in South Africa 
that Themeda triandra declined after burning in autumn in comparison to 
burning in winter and spring whereas Tristachya leucothrix responded in 
the exact opposite manner (Bond & van Wilgen, 1996).  
 
An interesting difference in the season of burning exists between fires 
ignited by lightning and anthropogenic sources. Studies in the Kruger 
National Park in South Africa for the period 1980-1992 showed that 
lightning fires occurred most frequently during spring and summer 
(October to January) when thunderstorms are most frequent. 
Conversely anthropogenic fires occurred mainly during the mid-winter to 
early spring period (June to September) (Trollope, 1993).  This different 
seasonal timing raises the question of whether anthropogenic fires are 
capable of simulating a natural fire regime. Kennedy & Potgieter (1999) 
reported that the effects of lightning and anthropogenic fires on 
vegetation differ. Repeated application of anthropogenic fire yields a 
landscape that is shorter, more scrubby and populated by numerous 
coppiced C. mopane individuals that frequently overlap to form complex, 
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interwoven thickets. Such morphology has been referred to as “bonsai” 
mopane (Styles & Skinner, 1997). 
 
2.2.1.2 THE EFFECT OF SEASON OF BURNING ON THE WOODY 
VEGETATION 
 
It is difficult to ascertain the effect of season of burning on shrubs 
because generally it is confounded with fire intensity.  When the trees 
are dormant in winter, the grass supports intense fires; when the trees 
are actively growing during summer, the grass is green and the fires 
much cooler.  Although West (1965) suggested that woody plants are 
more susceptible to fire at the end of the dry season when the plant 
reserves are depleted by the new spring growth, Trollope et al, (1990) 
found that only 1.3% of shrubs in the KNP are killed after fires that had 
been applied to shrubs ranging from dormant to actively growing plants.  
Therefore it would appear that shrubs are not very sensitive to season of 
burning. 
 
2.2.2 FREQUENCY OF BURNING 
 
The frequency of burning in the natural fire regime would have been 
largely influenced by the rate of accumulation of sufficient grass fuel to 
support a fire and the availability of an ignition source.  Rainfall is the 
most important factor affecting the productivity of the grass and also the 
accumulation of grass fuel (Trollope, 1983).  Present day research 
indicates that the natural frequency of fires in the moist savannas (650 
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mm per annum) ranged between annual and biennual, depending on the 
seasonal rainfall and the degree of utilisation of the vegetation by wild 
ungulates (Trollope, 1983). 
 
2.2.2.1 THE EFFECT OF FREQUENCY OF BURNING ON THE 
HERBACEOUS LAYER 
 
Trollope (1983) also suggests that the frequency of fires can be 
determined by the occurrence of exceptionally wet seasons.  Results 
presented by Gertenbach & Potgieter (1979) for C. mopane Shrubveld 
in the KNP, showed that under grazing conditions annual and biennual 
burning significantly reduced the basal cover of the grass sward and 
resulted in an increase of pioneer grass species when burned during a 
dry rainfall cycle (Trollope, 1983). 
 
Furthermore, in the KNP, where fire is an important component of the 
field management strategy, it has been concluded from burning 
experiments initiated in 1954, that the most desirable burning 
frequency under grazing conditions in the moist savanna areas is 
annual, depending on grazing and grass fuel conditions (Gertenbach & 
Potgieter, 1979). 
 
The natural fire regime in the savanna areas undoubtedly resulted in a 
fire mosaic of areas burnt by different types and intensities of fire 
occurring at various times and frequencies, all of which maintained a 
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diversity of vegetation types and so provided ideal habitats for a wide 
range of animals (Trollope, 1983). 
 
Frequency of burning has a marked effect on the botanical composition 
of the grass sward with species like Themeda triandra being favoured 
by frequent burning and Tristachya leucothrix being favoured by 
infrequent burning in the moist grasslands of KwaZulu-Natal Province 
in South Africa (Scott, 1971; Dillon, 1980). Similar results have been 
obtained in the arid savannas of the Eastern Cape in South Africa 
where it was found that frequent burning favours an increase in 
Themeda triandra and a decrease in Cymbopogon plurinodis (Forbes & 
Trollope, 1990).  
 
Where fires are infrequent or lacking, the upland grassland tends to 
become dominated by Pennisetum schimperi and Eleusine jaegeri, 
which are coarse, tufted species of very little grazing value. 
 
In the arid savannas the frequency of fire must have been far lower 
than in the moist savannas because the rainfall is both less and highly 
erratic and the grass sward remains acceptable to grazing animals 
even when mature, thus reducing the rate of accumulation of grass fuel 
(Trollope, 1983). The frequency of fires could also have been 
determined by the occurrence of exceptionally wet seasons. Studies by 
Tyson & Dyer (1975) showed that periods of above and below average 
rainfall occur at cyclic intervals of approximately ten years. Thus the 
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frequency of fire in the arid savannas would have varied according to 
the prevailing stage in the rainfall cycle. 
 
2.2.2.2 EFFECT OF FIRE FREQUENCY ON THE WOODY COMPONENTS 
 
Conflicting results have been obtained on the effect of frequency of 
burning on the density of tree and shrub vegetation.  In KNP frequency 
of burning appears not to have any significant effect on the density of 
woody plants (Van Wyk, 1971). 
 
In the False Thornveld of the Eastern Cape in South Africa, Trollope 
(1983) found that after ten years of annual burning the density of bush 
increased by 41 per cent, the majority of which were in the form of 
short coppicing plants. Conversely, Sweet (1982) in Botswana and 
Boultwood & Rodel (1981) in Zimbabwe found that annual burning 
resulted in a significantly greater reduction in the density of bush than 
less frequent burning. It is difficult to draw any general conclusions 
from these contradictory results except to note that in all cases 
significant numbers of trees and shrubs bushes were present even in 
the areas burnt annually, irrespective of whether they had decreased or 
increased after burning 
 
Unfortunately there is no quantitative data available for the effect of 
frequency of burning on the phytomass of trees and shrubs in the long 
term burning experiment in the KNP.  However, the visual difference in 
woody phytomass between the control plots that are completely 
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protected from fire and the annual, biennial and triennial burning 
treatments show an equally dramatic decline in the woody phytomass 
with an increase in the frequency of burning (Trollope et al, 1986). 
 
2.2.3 TYPES OF FIRE 
 
In the savanna areas, both crown and surface fires occur but the most 
common are surface fires burning with or against the wind as head or 
backfires.  Crown fires develop only under very dry conditions when the 
fuel moisture is low and the prevailing weather is characterised by high 
winds, high air temperatures and low relative humidity.  Surface fires are 
generally more frequent than crown fires in the savanna, because the 
foliage of tropical and sub-tropical trees and shrubs is relatively non-
flammable and will ignite only under extreme atmospheric conditions 
(Trollope, 1983). 
 
The most common types of fire in grassland and savanna areas are 
surface fires burning either as head or back fires.  Trollope (1978) 
investigated the effects of surface fires, as either head or back fires, on 
the grass sward in the arid savannas of the Eastern Cape.  The results 
showed that back fires significantly suppressed the re-growth of grass 
compared with head fires.  This may have resulted from a critical 
threshold temperature of approximately 95ºC being maintained for 20 
seconds longer during back fires than during head fires.  Thus back fires 
suppress the recovery of the grass sward (Trollope et al, 1986). 
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Crown fires do occur in the savanna but only under extreme fire 
conditions.  Bush is very sensitive to various types of fires because of 
differences in the vertical distribution of the release of heat energy.  Field 
observations in the KNP and in the Easter Cape indicate that crown and 
surface head fires cause the highest top kill of stems and branches as 
compared to back fires.  Unfortunately there is only limited quantitative 
data to support these observations.  Nevertheless data is available from a 
burning trial at the University of Fort Hare in the False Thornveld of the 
Eastern Cape (arid savanna) (Trollope et al, 1995).  In an experimental 
fire applied to an area of 62 hectares, the phytomass of bush was 
reduced by 75% in the area burnt as a head fire in comparison to 42% in 
the area burnt as a back fire (Trollope et al, 1986).  These results are a 
realistic indication of the effects different types of fire has on the 
phytomass of woody vegetation in savanna areas (Trollope et al, 1986). 
 
2.2.4 FIRE INTENSITY 
 
Considering the intensities of fires occurring during the natural fire 
regime, it is reasonable to assume that fire intensities were greater in the 
past than in the present.  This conclusion is drawn since Acocks (1953) 
has presented widely accepted botanical evidence indicating that the 
grass component of the veld in South Africa has been drastically altered 
and reduced in all veld types, including the savanna, since settled 
agricultural conditions came into being.  The intensity of the fires of the 
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natural fire regime was probably higher in the moist savannas than in the 
arid savannas because of greater fuel loads. 
 
The effect of fire intensity on the recovery of the grass sward was 
investigated in the arid savannas of the Eastern Cape.  After a series of 
fires ranging in intensity from 925 to 3326 kJ/s/m, there were no 
significant differences in the recovery of the grass sward at the end of the 
first or second growing seasons after the burns (Trollope & Tainton, 
1986).  Fire intensity would appear to have no significant effect on the 
recovery of the grass sward after a burn. This is logical, as otherwise 
intense fires would not favour the development and maintenance of 
grassland.  However, the effect of fire intensity on the grass sward needs 
more investigation. 
 
The effect of fire intensity on tree and shrub vegetation has been studied 
in the KNP and results indicated that bush is very resistant to fire alone.  
Research showed that the average mortality of 14 of the most common 
bush species subjected to 43 fires ranging in fire intensity from 110 to 
6704 kJ/s/m was only 1.3 per cent (Trollope et al, 1995).  From these 
results it can be concluded that, generally, the main effect of fire on the 
woody component in the KNP is to cause a top kill of stems and branches 
forcing the plants to coppice from the collar region of the stem (Trollope 
et al, 1986). 
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2.3 DESCRIPTION OF C. MOPANE 
 
Colophospermum mopane (Kirk ex Benth.) is the dominant tree species 
over large areas of tropical Southern Africa (Palgrove, 1977).  It is 
characterised by rough, dark grey, longitudinally furrowed bark and by 
alternate, compound leaves made up of two ovate leaflets between 3 and 
10 cm long.  It produces inconspicuous, yellowish-green flowers that are 
borne in racemes between October and March and its fruit comprises of 
flattened, kidney-shaped leathery pods, each approximately 5 cm long. 
 
C. mopane occurs primarily in hot, low altitude habitats where it often 
forms pure vegetation stands and dominates particular ecozones.  Its 
range extends from northern Zambia to just south of the Olifants River in 
the KNP.  The height of C. mopane varies from large trees of 
approximately 20m to multistemmed shrubs of less than 1m.  The species 
grows best on alluvial soils but also tolerates alkaline and poorly drained 
substrate, with mopane shrubs tending to occur on heavy, shallow 
basaltic soils. In the KNP, C. mopane Shrubveld provides the favoured 
habitat of many rare game species such as roan (Hippotragus equines) 
and sable antelope (Hippotragus niger), eland (Taurotragus oryx) and 
tsessebe (Damaliscus lunatus).  The trees are heavily browsed by 
herbivores such as elephant (Loxodonta africana) and thus the functional 
significance of C. mopane is extremely high (Kennedy & Potgieter, 1999). 
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2.4 THE EFFECT OF FIRE ON THE MOPANE WOODLAND 
 
Mopane Woodland can aptly be described as sweet veld, a term, which 
implies that the plants especially grass, remains palatable when matured 
even when dry in winter.  Sweet veld is generally very vulnerable to veld 
fires and most authorities agree that it should not be burnt.  However, for 
several reasons controlled burning has had to be carried out in order to 
remove old and decaying plant growth.  Once a foolproof safeguard 
against the spreading of accidental fires has been found, controlled 
burning will be managed much easier.  As in other veld types, fires have 
been common and damage has been considerable.   
 
STEVENSON-HAMILTON (Report, 1934 as mentioned by Potgieter 
2001) wrote of several great fires starting in Portuguese territory between 
the Letaba and the Mpongolo Rivers burning out a great portion of the 
whole area north of the Olifants River, and ascribe the relative scantiness 
of trees all over the Tsende flats to the extensive annual grass fires 
occurring over many years. 
 
Mopane is one of the trees that have particularly suffered from fire.  Over 
large stretches, especially on the basalts of the Tsende flats and the 
northern Lebombo flats, its entire growth form has been change from that 
of a tree to a low-growing scrub (Potgieter, 2001). 
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This change has been enhanced, on the basalts, by a luxuriant grass 
growth which, when dry, helps to produce extremely hot fires.  
Furthermore, mopane in the tree form is not very fire resistant and flares 
up easily because of resinous substances in the leaves and shoots.  After 
a number of successive fires, mopane trees are eventually burnt back to 
ground level, and in this way give rise to dense, low-growing, 
multistemmed coppices.  In many instances old burnt-out mother-stems 
may still be found in the centre of these clumps.  These coppices 
frequently overlap, forming dense thickets, and thus eliminate almost all 
other forms of plant growth (Potgieter, 2001). 
 
2.5 THE INFLUENCE OF FIRE ON ANIMAL LIFE IN THE PARK 
 
2.5.1 DIRECT EFFECTS 
 
Fire causes serious disturbances in the normal life and rhythm of animals 
and animal communities.  Animals are forced by fires to leave their home 
ranges, if only temporarily, and move to other areas where new home 
ranges must be found.  Such evacuations of normal home ranges 
produce instability in animal communities and may have a serious 
adverse effect on such activities as mating and breeding.  Animals may 
also be forced into areas where they are subjected to a shortage of food, 
water, shelter or refuge, to onslaughts by predators or to unfavourable 
physical factors. 
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2.5.2 IMMEDIATE INDIRECT EFFECTS 
 
All animals, which have survived a fire and have remained within their 
normal home ranges, will suddenly be confronted with a shortage or an 
almost complete lack of food and this will naturally bring about a sharp 
increase in competition.  Large numbers of all forms of life, retreating 
before a fire, will invade green patches that were left untouched by the 
fire, and this will result in fierce competition for the available food, shelter, 
and water. This competition also continues when a return movement of 
the animals and of others normally living in adjoining areas takes place 
soon after fresh green growth appears in the burnt areas. 
 
2.5.3 INDIRECT EFFECTS OF GRADUAL ONSET OF A 
CUMULATIVE NATURE 
 
Fire has been responsible for bringing about some major changes in the 
habitat of some animal species, and the law of the limiting factor is thus 
applicable.  
 
In spite of the fact that Mopane Woodland must be regarded as sweet 
veld, in which the majority of grasses are palatable, this veld type, 
especially in the Tsende flats and the Shipikane area, remains sparsely 
populated by game.  This is mainly noticeable in grazing species 
preferring open country.  Although lack of water in an area can and 
sometimes does act, as a limiting factor in the colonization of under 
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populated areas, the compensation of the habitat itself, largely a product 
of excessive veld burning, may also contribute. 
 
The encroachment of scrub C. mopane (a direct consequence of a fire-
induced change in its growth form) in some parts of the C. mopane 
woodland must be regarded as the limiting factor most probably 
responsible for large parts of this veld type not being satisfactorily 
colonized by savanna-loving species, such as blue wildebeest, eland and 
roan antelope (Trollope et al, 1995). 
 
The effect of shrub mopane encroachment on the carrying capacity of this 
veld type was considerable.  For the browsing species, which normally 
feed on this plant, the carrying capacity will increase considerably, 
whereas it would decrease for the grazers.  Under present conditions the 
balance would tend to swing in favour of the browsers (Trollope et al, 
1995). 
 
2.6 EFFECT OF FIRE ON THE EDAFIC COMPONENTS 
 
In spite of the considerable research that has been undertaken on veld 
burning in many parts of Southern Africa, controversy about the effects of 
fire on the fertility of the soil still continues amount the farming 
communities in particular (Tainton, Groves & Nash, 1977) as mentioned 
by Mbuti 1998.  One reason for the continuing uncertainty as to the 
precise effects of burning at different times of the year at different 
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frequencies is the short-term nature of these effects on the fertility of the 
soil and the quality of the grass sward re-growth immediately after 
burning. 
 
In burning experiments conducted on the research farm of the University 
of Fort Hare it was found that back fires produced grey ash which 
indicates more complete combustion of plant material than head fires 
which produce black ash indicting incomplete combustion (Trollope, 
1984).  More nitrogen will thus be formed in a back fire than in a head fire. 
 
Combustion temperatures of 500 – 600°C result in volatilisation of plant 
nitrogen (Raison, 1979) as mentioned by Higgins (1992), causing a loss 
of nitrogen from the system.  Incomplete combustion at lower 
temperatures results in ash deposition on the soil surface and a 
consequent gain of mineral nitrogen to the soil (Raison, 1979) as 
mentioned by Higgins (1992). 
 
Higgins (1992) also mentioned that Hobbs and Schimmel (1984) found 
that increases in nitrogen mineralisation persisted for one year after 
burning in grassland and for two years in a shrub community in Colorado.  
This suggests that the effects of fire on soil nutrients may be transient.  
Higgins (1992) also mentioned however that Risser and Portan (1982) 
concluded that annual burning of tall grass prairies result in a net loss of 
nitrogen from the soil system. 
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2.7 INFLUENCE OF SOIL WATER ON THE MOPANE VELD 
 
Water is the main driving force of semi-arid ecosystems (Snyman et al, 
1987; Snyman & Fouché, 1991) as mentioned by Smit (1994), and it is 
generally accepted that the suppressive effect of woody plants on 
herbaceous production is largely through competition for soil water (Dye & 
Spear, 1982; Moore et al, 1988). 
 
The total hydrology of any savanna ecosystem is complex and involves 
numerous interacting meteorological, physical, chemical and biological 
processes (Smit, 1994).  There are certain determinants, which play a key 
role in the total hydrology of any savanna.  The primary determinants 
include the main source of soil water supplement, which is precipitation, 
and also the soil as the receptor substrate, which holds the water.  The 
secondary determinants mainly involve vegetation and its physical effect 
on the soil water (Smit, 1994). 
 
2.7.1 PRIMARY DETERMINANTS OF SOIL WATER CONTENT 
 
Precipitation may come in many forms.  Intensity of rainfall, as total 
seasonal rainfall, is important as a determinant of water runoff (Smit, 
1994).  The intensity of rainfall may also influence the transport of water 
and chemicals through macro pores (Smit, 1994).  Various 
meteorological variables like mean hour temperature, maximum hour 
temperature, net radiation and Class A rain evaporation were found to be 
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correlated with evaporation water losses (Du Pisani,1972 as mentioned 
by Smit, 1994). 
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CHAPTER  3 
3. STUDY AREA AND TRAIL LAYOUT 
 
3.1 LOCATION 
 
The study was conducted in the Kruger National Park (KNP) situated in 
the Eastern Lowveld of South Africa. The Park occupies the region 22°25’ 
to 25°32’ latitude South and 30°50’ to 32°20’ longitude East and covers 
an area of 1,948,528 hectares as Figure 3.1 illustrates, making it one of 
the largest conservation areas in the world (Kennedy and Potgieter, 
1999). 
 
The data collection was carried out in the Letaba Experimental Burning 
Plots (LEBPs) situated in the Colophospermum mopane veld. This plant 
community occupies the eastern half of the Park from the extreme 
northern limits southwards to the Olifants River. Only a couple of C. 
mopane trees can be found further south of the Olifants River.  
 
Topographically flat basaltic plains with occasional outcrops, mainly on its 
western side characterise this region.  The greater part of this land type is 
completely dominated by a moderately dense to dense C. mopane shrub 
savanna, which in large areas are devoid of large trees. Larger trees of 
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this species occur in depressions and on the banks of streams and 
ravines. 
Figure 3.1: The KNP in relation to Africa and Southern Africa 
(Potgieter, 2001) 
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3.2 CLIMATE     
 
The climate of KNP varies from hot and humid during summer to warm 
and dry during winter. 
 
The warmest months are December to February with mean daily 
maximum and minimum temperatures of 34°C and 21°C respectively.  
The coolest weather is expected in June and July with mean daily 
temperatures ranging between 10°C and 27°C.  Winters are virtually frost-
free. 
 
The Park is situated in a summer rainfall area. The greatest precipitation 
is between November and March with a peak in January and February 
(Venter & Gertenbach, 1986). The rainfall of the KNP oscillates between 
periods of above and below normal rainfall. Rainfall cycles last 
approximately 10 years each. The difference between the average annual 
rainfall of wet and dry cycles is about 26 percent (Gertenbach, 1980). 
Rainfall at the study sites has averaged 458.7 mm per year over the past 
50 years. 
 
Thunderstorms are particularly common at the onset of the rainy season 
in October and are frequently accompanied by severe and sustained 
lightning (Figure 3.2) 
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Figure 3.2: Long Term Average rainfall of the Kruger National 
Park (Potgieter, 2001) 
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3.3 VEGETATION 
 
The vegetation in the study region is described as mopane veld (Acocks 
1988). The vegetation of this topographically flat basaltic land type is 
completely dominated by a moderately dense to dense C. mopane Shrub 
savanna, which in large areas is devoid of large trees.  Acacia nigrescens 
and Combretum imberbe tend to be more prominent on vertic soils, with 
C. mopane occurring in lower densities on the latter. The C. mopane 
Shrub savanna represents 18.3% of the KNP and consists of an area of 
356 664 hectares (Figure 3.3). 
 
For this study, the most important tree species are C. mopane, 
Dichrostachys cinerea, Commiphora africana and Acacia nigrescens; 
while the most important grass species considered were Enneapogon 
cenchroides, Cenchrus ciliaris, Bothriochloa radicans, Urocloa 
mosambicensis, and Aristida congesta. 
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Figure 3.3: Vegetation of the KNP (Potgieter, 2001) 
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3.4 GEOLOGY AND SOIL 
 
This topographically flat basaltic land type is associated with interfluvial 
areas with underlying olivine rich lavas of the Letaba formation. It is 
characterised by relatively large, flat and level plains with a low relief and 
stream frequency. It is fractionated by the incised areas and alluvial 
deposits which flank the major rivers (Venter, 1986). 
 
The soils of this land type consist mainly of shallow to moderately deep, 
calcareous, melanic and vertic clay. The soil layer usually overlies a thick 
(up to 2m) layer of soft CaCO3 concretions, which gradually becomes 
larger with depth and eventually grade into hardpan calcrete.  These are 
occasionally exposed where the topsoil has been stripped by erosion in 
incised areas (Venter, 1986) (Figure 3.4). 
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Figure 3.4: Types of soils found in the KNP (Potgieter, 2001) 
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3.5 RESEARCH METHODOLOGY 
 
3.5.1 EXPERIMENTAL DESIGN 
 
The Letaba Experimental Burning Plot Trial (LEBP) was laid out in the 
vegetation landscapes described by Gertenbach (1983) as the C. mopane 
Shrubveld on Basalt north of Letaba. 
 
The trial was laid out in 1957, initially consisting of 12 treatments (plots) 
with four replications. During 1984 two more treatments (plots) were 
added to the experiments.  At present the LEBP’s comprise of four sets of 
14 rectangular savanna plots, each measuring 180m x 360m 
(approximately 6.5ha), located at four different sites in the central sections 
of KNP (Van Wyk, 1971). The replicates, namely Tsende, Mooiplaas, 
Nshawu and Dzombo were spread out within this veld type. In every case 
the replicates were placed either next to an existing firebreak or close to a 
tourist road (Gertenbach & Potgieter, 1979). A partly randomised block 
design was laid out (Enslin et al, 1999), in which each of the 14 plots at 
each site was subjected to one of 14 treatments, comprising of different 
seasons and frequencies of burning. The physical layout of replicates 
within treatments is listed in Table 3.1.  For this study however we will 
only be focusing on the 14 Mooiplaas burning plots. 
 
KNP management has been applying these treatments continuously since 
1958. The use of intensively maintained double strip firebreaks prevented 
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unplanned fires from breaking out in the plots (Kennedy & Potgieter, 
1999). 
 
Table 3.1: The Physical Layout of Burning Treatments 
Plot Treatment Burning Season Burning cycle 
1 Control  No burning at all 
2 Dec B2 December Burned every second year 
3 Oct B2 October Burned every second year 
4 Feb B2 February Burned every second year 
5 Aug B2 August Burned every second year 
6 Apr B2 April Burned every second year 
7 Aug B1 August Burned every year 
8 Feb B3 February Burned every third year 
9 Oct B3 October Burned every third year 
10 Dec B3 December Burned every third year 
11 Aug B3 August Burned every third year 
12 Apr B3 April Burned every third year 
13 Oct B4 October Burned every fourth year 
14 Oct B6 October Burned every sixth year 
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Figure 3.5: Mooiplaas Experimental Burning Plot KNP 
(Potgieter, 2001) 
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3.6 MEASUREMENTS 
3.6.1 PRE-TREATMENT MEASUREMENTS 
 
Grass Sward:  The botanical composition and basal cover of the grass 
sward were determined with a point quadrate technique using a Levy 
Bridge apparatus fitted with 10 metal rods arranged 5 cm apart. A 1000 
point quadrate survey was conducted along the two diagonals of each 
plot giving a total of 2000 points per plot. The Levy Bridge was placed at 
approximately six-meter intervals along each diagonal and the number of 
strikes of living, rooted plants was recorded for the different herbaceous 
species. The data was analysed and expressed as the percentage 
frequency (relative frequency) of the different plant species recorded and 
the number of strikes were expressed as the percentage basal cover of 
the grass sward (Trollope, et al, 1998).   
 
Woody vegetation:  The botanical composition and structure of the trees 
and shrubs on the plots were determined in two belt transects located 
down the diagonals of the plots. All rooted plants occurring in the 
transects were recorded on a species basis and the basal diameter of the 
stems was measured at ground level. In the case of multistemmed plants 
the diameter was recorded as the total cross-section of the stems as a 
whole. The transects were 1.5m wide and the total length of both 
transects per plot was approximately 615m. The data was analysed for 
each plot and expressed as a percentage for each recorded tree and 
shrub species. The structure of the trees and shrubs was expressed as 
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the number of plants occurring in each of the following basal diameter 
classes: 
 
Singlestemmed plants: 0 – 25 mm; 
25 – 75 mm; 
76 – 125 mm; 
126 – 175 mm; 
More than 175 mm. 
 
Multistemmed plants: 0 – 30 cm; 
30,1 – 90 cm; 
More than 90 cm 
 
3.6.2 POST-TREATMENT MEASUREMENTS 
 
Grass Sward: The survey was conducted over two line transects of 300m 
x 2m over the two diagonals of each plot.  The Step-point method was 
used with 100 points per transect.  Nearest grass/forb species and 
distance from these points were recorded for all 14 Mooiplaas burning 
plots. 
 
Grass:  the measurements were obtained on the same transects as 
described above, with 100 readings per transect taken.   This means that 
200 grass readings were thus obtained per plot for the 14 Mooiplaas 
burning plots.  In total therefore 2 800 grass readings were taken on the 
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Mooiplaas burning plots.  The Step-point method was also used and the 
nearest grass or forb was recorded.  Each grass reading consisted of the 
following: 
· Species 
· The distance from the point to the grass or forb. 
 
Woody Vegetation:  The measurements were obtained using two belt 
transects, 300m x 2m over the two diagonals of each plot.  The height, 
basal stem diameter (singlestemmed trees) and basal diameter 
(multistemmed trees) of all species obtained on these transects were 
recorded for all 14 Mooiplaas burning plots. 
 
Trees:  An average of 230 readings was taken on the transects of each 
plot depending on the density of the tree composition.  Therefore 
approximately 3 220 tree readings were taken on the 14 Mooiplaas 
burning plots.  Each tree reading consisted of the following: 
· The specific tree species 
· The basal diameter of the stem 
· Whether the tree was singlestemmed or multistemmed 
· The height of the tree. 
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CHAPTER  4 
4. THE INFLUENCE OF FIRE FREQUENCY AND 
SEASON OF BURNING ON THE HERBACEOUS 
LAYER 
  
4.1 INTRODUCTION 
 
Grass constitutes the major component of fuel load in savanna fires and is 
the most important factor influencing fire intensity (Trollope, 1983). 
Considering the intensities of fires occurring during the natural fire regime, it 
is reasonable to assume that fire intensities were far greater in the past than 
at present. As mentioned, this was concluded since Acocks (1988) has 
presented widely accepted botanical evidence indicating that the grass 
component in South Africa has been drastically altered and reduced in all 
veld types, including the savanna since settled agricultural conditions came 
into being. 
 
The effect of fire intensity on the recovery of the grass sward was 
investigated after burning in the arid savannas of the Eastern Cape.  After 
a series of fires ranging in intensity from 925 to 3 326 kJ/s/m (cool to 
extremely intense) there were no significant differences in the recovery of 
the grass sward at the end of the first or second growing seasons after 
the burns (Trollope & Tainton, 1986) leading to the conclusion that fire 
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intensity has no significant effect on the recovery of the grass sward after 
being burned. This is a logical result, as otherwise intense fires would not 
favour the development and maintenance of grassland.  
 
As a result of African savannas being very prone to fire, burning is 
recognised as an important ecological factor in the grassland and savanna 
ecosystems of Africa (Trollope et al, 1998).  Authors disagreed more in 
semantics than in ecological substance when they argued about the issue 
whether fires in grasslands should or should not be considered (natural) 
disturbances. 
 
The long-term result of absence of fire in the North American tallgrass 
prairie region, for example, is the transformation of grassland to 
deciduous forest (Bragg & Hulbert, 1976).  It is this type of shift that leads 
some ecologists to view the absence rather than the occurrence of fire as 
a disturbance (White, 1987; Van Adel & Van den Bergh, 1987). 
 
Population and community ecologists have emphasized disturbance as a 
useful concept (Pickett & White, 1985) in analyzing how interactive 
organisms respond to change in the resource bases of ecosystems. Fire is 
viewed as a naturally occurring, interactive component of the complex 
processes that characterize both grasslands (Collins, 1987) and 
communities in general (Sousa, 1984).  Good semantic arguments can be 
made either for or against grassland fires as a natural disturbance (Evans et 
al, 1989a).   
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The objectives of this chapter were to determine the species composition of 
grass on the Mooiplaas burning plots in 1957 and 1999, and then to do a 
descriptive comparison of all the plots in 1957 and 1999 with each other. 
 
4.2 ECOLOGICAL STATUS OF GRASSES 
 
Ecological status implies the classification of grasses and forbs into 
specific groups according to their reactions to grazing.  Grass usually 
reacts in two ways to grazing:  a species can decrease in occurrence 
(amount) or it may increase.  According to this criterion all grasses and 
forbs can be categorized as follows (Trollope et al, 1990, as mentioned by 
van Oudtshoorn, 1991): 
 
Decreaser:  A species, which is dominant in good veld, but reduces when 
the veld is mismanaged. 
 
Increaser I:  A species, which is dominant in weak veld and increases 
with under-utilization or selective grazing. 
 
Increaser Ia:  A species, which increases during moderate under-taxation 
or selective grazing. 
Increaser Ib:  A species, which increases during severe under-taxation or 
selective grazing. 
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Increaser II:  A species, which is dominant in weak veld and increases 
with over-grazing.  
Increaser IIa:  A species, which increases during mild over-grazing. 
 
Increaser IIb:  A species, which increases during moderate over-grazing.  
 
Increaser IIc:  A species, which increases during extreme over-grazing.  
 
Intruder:  A species, which is not found indigenously in a specific area. 
 
On the Mooiplaas burning plots the majority of grasses encountered could 
be categorised in the following ecological classes: 
 
Reducer:  Cenchrus ciliaris, Panicum coloratum, Panicum maximum, 
Setaria woodii, Themeda triandra, Digitaria eriantha, Schmiditia 
pappophoroides, Fingherhuthia africana 
 
Increaser IIB:  Bothriochloa radicans 
 
Increaser IIC:  Aristida congesta, Enneapogon cenchroides,  
Urochloa mosambicensis 
Varying:  Heteropogon contortis 
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4.3 RESULTS AND DISCUSSIONS 
 
The objectives of this chapter were to determine the species composition of 
grass on the Mooiplaas burning plots in 1957 and 1999, and then to do a 
descriptive comparison of all the plots in 1957 and 1999 with each other. 
 
Although no data was available for the grass on the control plot in 1957, 
data was however available for the rest of the 11 plots.   The researcher 
assumes that all the changes that took place on plot 1, the control, from 
1957 to 1999, were the result of natural changes.  These changes observed 
on plot 1 regarding species composition of grass, are considered natural 
changes and are not a result of burning treatments.   
 
The annual, bi-, tri, quad-, and sexennial burning treatments can therefore 
descriptively be compared with the control in order to assess the effect of 
fire frequency and season of burning on the species composition of grass 
on the 14 Mooiplaas burning plots. 
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4.3.1 DESCRIPTION OF GRASS SPECIES (1957 – 1999) 
 
Table 4.1: Description of Grass Species Found on the 14 
Mooiplaas Burning Plots 
SPECIES TYPE ECOLOGICAL STATUS 
NUTRITIONAL 
STATUS TASTE 
Aristida congesta Perennial INCREASER   IIC LOW UNPALATABLE 
Bothriochloa radicans Perennial INCREASER   IIB LOW UNPALATABLE 
Cenchrus ciliaris Perennial DECREASER HIGH PALATABLE 
Enneapogon 
cenchroides Perennial INCREASER   IIC LOW UNPALATABLE 
Panicum coloratum Perennial DECREASER HIGH PALATABLE 
Panicum maximum Perennial DECREASER HIGH PALATABLE 
Setaria woodii Perennial DECREASER HIGH PALATABLE 
Urochloa mosambicensis Perennial INCREASER   IIC HIGH PALATABLE 
Themeda Triandra Perennial DECREASER HIGH PALATABLE 
Digitaria eriantha Perennial DECREASER HIGH PALATABLE 
Schmidtia 
pappophoroides Perennial DECREASER HIGH PALATABLE 
Fingherhuthia africana Perennial DECREASER HIGH PALATABLE 
Heteropogon contortis Perennial DECREASER HIGH PALATABLE 
 
From Table 4.1 it is clear that all the prominent grasses, which occurred 
on the Mooiplaas burning plots, were considered perennial species.  Only 
four of the thirteen grass species found were considered Increasers while 
the rest of the species were classified as Decreasers.   
 
NOTE: All values quoted in the study was obtained from the 
transects, as described in the methods used section, only.   
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4.3.2 SPECIES COMPOSITION (1957 – 1999)  
Table 4.2: Comparison between Grass Species Composition (1957 – 1999) 
Species Aristida congesta Bothriochloa radicans Cenchrus cilliaris Enneapogon cenchroides Panicum coloratum Panicum maximum Setaria woodi  
 1957 1999 1957 1999 1957 1999 1957 1999 1957 1999 1957 1999 1957 1999 
Plot1  2.50%  5.50%  4.00%  58.50%  11.50%  9.50%  0.50% 
Plot2 ~ ~ 12.36% 9.50% 16.85% 5.50% 10.12% 43.50% 21.35% 6.50% ~ 6.00% ~ 4.00% 
Plot3 ~ 0.50% 47.25% 14.50% 6.59% 4.50% 6.59% 62.00% 9.89% 3.00% ~ 6.00% ~ 0.50% 
Plot4 ~ ~ 28.97% 4.17% 18.69% ~ 4.67% 46.88% 20.56% 1.04% 0.93% ~ ~ ~ 
Plot5 ~ 1.50% 30.95% 10.00% 15.48% 4.50% 2.38% 38.00% 23.81% 1.50% ~ 3.00% ~ ~ 
Plot6 ~ 2.50% 31.48% 13.00% 22.22% 0.50% ~ 57.50% 24.07% 7.50% ~ 2.00% ~ ~ 
Plot7 ~ 2.51% 5.15% 3.02% 25.77% 6.03% 2.06% 41.21% 35.05% 2.51% 1.03% 5.03% ~ 0.50% 
Plot8 ~ ~ 28.95% 24.72% 7.89% 5.62% 10.53% 58.43% 3.95% ~ 1.32% 8.99% ~ 1.12% 
Plot9 ~ 1.01% 30.34% 20.71% 6.74% 5.05% 13.48% 31.31% 4.49% 6.57% ~ 3.54% ~ 6.57% 
Plot10 ~ 4.57% 10.26% 17.26% 2.56% ~ 8.97% 32.49% 3.85% 8.12% 2.56% 6.60% 1.28% 5.08% 
Plot11 ~ 18.78% 15.28% 6.09% 4.17% 1.52% 6.94% 54.82% 5.56% ~ 6.94% 2.03% ~ 0.51% 
Plot12 ~ 15.84% 26.03% 10.40% 2.74% 1.98% ~ 52.48% 16.44% 0.00% ~ 0.50% ~ 0.00% 
Plot13 ~ 1.82% ~ 15.45% ~ 15.45% ~ 41.82% ~ 7.27% ~ 0.91% ~ 0.91% 
Plot14 ~ ~ ~ 18.18% ~ 2.73% ~ 40.00% ~ 9.09% ~ 4.55% ~ ~ 
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Table 4.2: Comparison between Grass  Species Composition (1957 – 1999) (Continued)   
Species Urochloa mosambicensis Themeda Triandra Digitaria eriantha  Schmidtia pappophoroides Fingherhuthia africana  Heteropogon contortis   
 1957 1999 1957 1999 1957 1999 1957 1999 1957 1999 1957 1999   
Plot1  8.00%  ~  ~  ~  ~  ~   
Plot2 3.37% 25.00% ~ ~ ~ ~ 21.35% ~ 3.37% ~ 2.25% ~   
Plot3 ~ 8.50% ~ ~ ~ ~ 19.78% ~ 4.40% 0.50% 5.49% ~   
Plot4 ~ 47.92% 0.93% ~ ~ ~ 20.56% ~ 0.93% ~ 1.87% ~   
Plot5 5.95% 41.50% ~ ~ 7.41% ~ 11.90% ~ 5.95% ~ ~ ~   
Plot6 ~ 17.00% 1.85% ~ ~ ~ 11.11% ~ 1.85% ~ ~ ~   
Plot7 ~ 39.20% 9.28% ~ ~ ~ 6.19% ~ ~ ~ 3.09% ~   
Plot8 ~ 1.12% ~ ~ ~ ~ 22.37% ~ 1.32% ~ 3.95% ~   
Plot9 ~ 10.61% ~ ~ ~ ~ 26.97% 14.65% 6.74% ~ 2.25% ~   
Plot10 2.56% 11.68% ~ ~ ~ 1.02% 34.62% 13.20% 16.67% ~ 5.13% ~   
Plot11 2.78% 5.08% ~ ~ ~ 2.54% 18.06% 8.63% 15.28% ~ 1.39% ~   
Plot12 ~ 6.93% ~ 0.00% 19.18% 3.96% 21.92% 7.92% 4.11% ~ ~ ~   
Plot13 ~ 10.91% ~ ~ ~ 5.45% ~ ~ ~ ~ ~ ~   
Plot14 ~ 24.55% ~ 0.91% ~ ~ ~ ~ ~ ~ ~ ~   
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By considering Table 4.2 one can see clear differences between the 
species composition in 1957 and 1999.  Some of the species, which never 
occurred in 1957, occurred in 1999 while other species disappeared from 
1957 to 1999.  
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4.3.3 SPECIES COMPOSITION (1999) 
Table 4.3: Species Composition-1999 
Species Aristida congesta Bothriochloa radicans Cenchrus ciliaris Enneapogon cenchroides Panicum coloratum Panicum maximum Setaria woodi  
Plot 1 2.50% 5.50% 4.00% 58.50% 11.50% 9.50% 0.50% 
Plot 2 ~ 9.50% 5.50% 43.50% 6.50% 6.00% 4.00% 
Plot 3 0.50% 14.50% 4.50% 62.00% 3.00% 6.00% 0.50% 
Plot 4 ~ 4.17% ~ 46.88% 1.04% ~ ~ 
Plot 5 1.50% 10.00% 4.50% 38.00% 1.50% 3.00% ~ 
Plot 6 2.50% 13.00% 0.50% 57.50% 7.50% 2.00% ~ 
Plot 7 2.51% 3.02% 6.03% 41.21% 2.51% 5.03% 0.50% 
Plot 8 ~ 24.72% 5.62% 58.43% ~ 8.99% 1.12% 
Plot 9 1.01% 20.71% 5.05% 31.31% 6.57% 3.54% 6.57% 
Plot 10 4.57% 17.26% ~ 32.49% 8.12% 6.60% 5.08% 
Plot 11 18.78% 6.09% 1.52% 54.82% ~ 2.03% 0.51% 
Plot 12 15.84% 10.40% 1.98% 52.48% 0.00% 0.50% 0.00% 
Plot 13 1.82% 15.45% 15.45% 41.82% 7.27% 0.91% 0.91% 
Plot 14 ~ 18.18% 2.73% 40.00% 9.09% 4.55% ~ 
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Table 4.3: Species Composition-1999 (Continued) 
Species Urochloa mosambicensis Themeda Triandra Digitaria eriantha  Schmidtia pappophoroidesFingherhodja africana   
Plot 1 8.00% ~ ~ ~ ~   
Plot 2 25.00% ~ ~ ~ ~   
Plot 3 8.50% ~ ~ ~ 0.50%   
Plot 4 47.92% ~ ~ ~ ~   
Plot 5 41.50% ~ ~ ~ ~   
Plot 6 17.00% ~ ~ ~ ~   
Plot 7 39.20% ~ ~ ~ ~   
Plot 8 1.12% ~ ~ ~ ~   
Plot 9 10.61% ~ ~ 14.65% ~   
Plot 10 11.68% ~ 1.02% 13.20% ~   
Plot 11 5.08% ~ 2.54% 8.63% ~   
Plot 12 6.93% 0.00% 3.96% 7.92% ~   
Plot 13 10.91% ~ 5.45% ~ ~   
Plot 14 24.55% 0.91% ~ ~ ~   
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It is evident from Table 4.3 that the three most prominent species in 1999 
were Enneapogon cenchroides, Bothriochloa radicans, Urochloa 
mosambicensis.  These three species are considered Increaser II species 
and is thus representing grass species, which is dominant in weak veld, and 
increases with over-grazing. 
 
4.3.4 PLOT 1 (CONTROL) – NO BURNING 
 
Figure 4.1: Species Composition of Grass on The Transects of 
the Control Plot – 1999 
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From Figure 4.1 it is clear that the most prominent species on the transects 
of plot 1 in 1999 was Enneapogon cenchroides (58,5%) (Increaser II C) 
which is unpalatable with low nutritional value.  Some of the other less 
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prominent species were Panicum coloratum (11,50%) and Panicum 
maximum (9,50%) (Decreasers) which are palatable with high nutritional 
value, and Urochloa mosambicensis (8,00%) (Increaser II C) which is 
palatable with high nutritional value. 
 
It is also clear that Increaser species occurred on 74,50% of the area of 
the transects of the control plot while Decreaser species only occurred on 
25,00% of the area of the transects.  A total of 33,5 % of the grass on plot 
1 was palatable with high nutritional value, while 66,5% of the grass was 
unpalatable and low in nutritional value (Figure 4.1).   
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4.3.5 ANNUAL BURNING TREATMENT - PLOT 7 (AUG B1) 
 
Figure 4.2: Species Composition of Grass on The Transects of 
Plot 7 
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By considering Figure 4.2 it is clear that the most prominent species on the 
transects of plot 7 in 1999 was Enneapogon cenchroides (41,2%) 
(Increaser IIC) which is unpalatable with low nutritional value and Urochloa 
mosambicensis  (39,1%) (Increaser II C) which is palatable with high 
nutritional value.  Some of the other less prominent species were Cenchrus 
cilliaris (6%) (Decreaser) which is palatable with high nutritional value and 
Panicum maximum (5%) (Decreaser) a palatable grass with high nutritional 
value. 
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From Figure 4.2 it is also clear that Increaser II C species occurred on 
85,91% of the area of the transects of plot 7 while Decreaser species only 
occurred on 14,06% of the area of the transects.  A total of 53,26% of the 
grass on plot 7 was palatable with high nutritional value, while 46,74% of 
the grass was unpalatable and low in nutritional value. 
 
4.3.6 BIENNIAL (PLOT 4,6,5,3 AND 2) 
 
4.3.6.1 PLOT 4 FEB B2 
 
Figure 4.3: Species Composition of Grass on The Transects 
of Plot 4 
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From Figure 4.3 it is clear that the most prominent species on the 
transects of plot 4 in 1999 was Urochloa mosambicensis (47,92%) 
(Increaser II C) known to be palatable with a high nutritional value and 
Enneapogon cenchroides (46,88%) (Increaser IIC) which is 
unpalatable with a low nutritional value.  Some of the other less 
prominent species were Bothriochloa radicans (4.1%) (Increaser IIB) a 
unpalatable grass that is low in nutritional value and Panicum 
Coloratum (1%) (Decreaser) which is palatable and high in nutritional 
value.   
 
Figure 4.3 depicts that Increaser species occurred on 98,97% of the 
area of the transects of plot 4 while Decreaser species only occurred 
on 1,03% of the area of the transects.  A total of 48,96% of the grass 
on plot 4 was palatable while 51,04% of the grass was unpalatable. 
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4.3.6.2 PLOT 6 APR B2 
 
Figure 4.4: Species Composition of Grass on The 
Transects of Plot 6 
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By considering Figure 4.4 it is clear that the most prominent species on 
the transects of plot 6 in 1999 was Enneapogon cenchroides (57,50%) 
(Increaser II C) an unpalatable grass with a low nutritional value and 
Urochloa mosambicensis (17%) (Increaser II C) known to be palatable 
and has high nutritional value.  Some of the other less prominent 
species were Bothriochloa radicans (13%) (Increaser IIB) (unpalatable 
and low in nutritional value) and Panicum coloratum (7,50%) 
(Decreaser) (palatable and high in nutritional value). 
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From Figure 4.4 it is also clear that Increaser species occurred on 90% of 
the area of the transects of plot 6 while Decreaser species only occurred 
on 10% of the area of the transects.  A total of 27% of the grass on plot 6 
was palatable while 73% was unpalatable. 
 
4.3.6.3 PLOT 5 AUG B2 
 
Figure 4.5: Species Composition of Grass on The 
Transects of Plot 5 
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Figure 4.5 depicts clearly that the most prominent species on the 
transects of plot 5 in 1999 was Urochloa mosambicensis (41,50%) 
(Increaser IIC) which is palatable with a high nutritional value and 
Enneopogon cenchroides (38%) (Increaser II C) an unpalatable grass 
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with a low nutritional value.  Some of the other less prominent species 
were Bothriochloa radicans (10%) (Increaser II B) known to be 
unpalatable and low in nutritional value and Cenchrus cilliaris (4%) 
(Decreaser) which is palatable and high in nutritional value.  
 
It is also clear that Increaser species occurred on 91% of the area of the 
transects of plot 5 while Decreaser species only occurred on 9% of the 
area of the transects.  A total of 50,5% of the grass on plot 5 was 
palatable while 49,5% of the grass was unpalatable (Figure 4.5). 
 
4.3.6.4 PLOT 3 OCT B2 
 
Figure 4.6: Species Composition of Grass on The 
Transects of Plot 3 
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From Figure 4.6 it is clear that the most prominent species on the 
transects of plot 3 in 1999 was Enneapogon cenchroides (62%) 
(Increaser II C) known to be unpalatable and high in nutritional value.  
Some of the other less prominent species were Bothtriochloa radicans 
(14,50%) (Increaser II B) (unpalatable and low in nutritional value) and 
Urochloa mosambicensis (8,50%) (Increaser II C) (palatable and high 
in nutritional value). 
 
From Figure 4.6 it is also clear that Increaser species occurred on 
85,50% of the area of the transects of plot 3 while Decreaser species 
only occurred on 14,50% of the area of the transects.  A total of 23% of 
the grass on plot 3 was palatable while 77% of the grass was 
unpalatable. 
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4.3.6.5 PLOT 2 DEC B2 
 
Figure 4.7: Species Composition of Grass on The Transects 
of Plot 2 
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Figure 4.7 indicates clearly that the most prominent species on the 
transects of plot 2 in 1999 was Enneapogon cenchroides (43,50%) 
(Increaser II C) which is unpalatable with low nutritional value.  Some 
of the other less prominent species were Urochloa mosambicensis (25 
%) (Increaser II C) a palatable grass with high nutritional value and 
Bothriochloa radicans (9,50%) (Increaser II B) which is unpalatable 
with low nutritional value. 
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From Figure 4.7 it is also clear that Increaser species occurred on 78% 
of the area of the transects of plot 2 while Decrease species only 
occurred on 22% of the area of the transects.  A total of 47% of the 
grass was palatable while 53% of the grass was unpalatable. 
 
4.3.7 TRIENNIAL BURNING TREATMENT (PLOTS 8, 12, 11, 9 
AND 10) 
 
4.3.7.1 PLOT 8 FEB B3 
 
Figure 4.8: Species Composition of Grass on The Transects 
of Plot 8 
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Figure 4.8 shows that the most prominent species on the transects of 
plot 8 in 1999 was Enneapgon cenchroides (58,43%) (Increaser II C) 
known to be unpalatable with low nutritional value.  Some of the other 
less prominent species were Bothriochloa radicans (24,72%) 
(Increaser II B) which is unpalatable with low nutritional value and 
Panicum maximum (8.90%) (Decreaser) a  palatable grass with high 
nutritional value. 
 
By considering Figure 4.8 it is also clear that Increaser species occurred 
on 84,27% of the area of the transects of plot 8 while Decreaser species 
only occurred on 15,73% of the area of the transects.  A total of 16,85% 
of the grass on plot 8 was palatable while 83,15% of the grass was 
unpalatable and low in nutritional value. 
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4.3.7.2 PLOT 12 APR B3 
 
Figure 4.9: Species Composition of Grass on The Transects 
of Plot 12 
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It is clear that the most prominent species (Figure 4.9) on the transects 
of plot 12 in 1999 was Enneapogon cenchroides (52,48%) (Increaser II 
C) which is unpalatable with a low nutritional value.  Some of the other 
less prominent species were Aristida congesta (15,84%) (Increaser II C) 
(unpalatable with low nutritional value) and Bothriochloa radicans 
(10,39%) (Increaser II B) (unpalatable with low nutritional value). 
 
Figure 4.9 depicts that Increaser species occurred on 85,65% of the area 
of the transects of plot 12 while Decreaser species only occurred on 
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14,35% of the area of the transects.  A total of 21,28 % of the grass is on 
plot 12 was palatable while 78,22% of the grass was unpalatable. 
 
4.3.7.3 PLOT 11 AUG B3 
 
Figure 4.10: Species Composition of Grass on The 
Transects of Plot 11 
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By considering Figure 4.10 it is clear that the most prominent species 
on the transects of plot 11 in 1999 was Enneapogon cenchroides 
(54,82%) (Increaser II C) known to be unpalatable and has a low 
nutritional value.  Same of the other less prominent species were 
Aristida congesta (18,78%) (Increaser II C) which is unpalatable and 
 72
has a low nutritional value and Schmidtia poppophoroides (8,60%) 
(Decreaser) which is palatable with high nutritional value. 
 
From Figure 4.10 it is also clear that Increaser species occurred on 
84,77% of the area of the transects of plot 11, while Decreaser species 
only occurred on 15,23% of the area of the transects.  A total of 20,31% 
of the grass on plot 11 was palatable while 79,69% of the grass was 
unpalatable. 
 
4.3.7.4 PLOT 9 OCT B3 
 
Figure 4.11: Species Composition of Grass on The 
Transects of Plot 9 
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Figure 4.11 shows that the most prominent species on the transects of 
plot 9 in 1999 was Enneapogon cenchroides (31,31%) (Increaser II C) 
(unpalatable with low nutritional value).  Some of the other less 
prominent species were Bothriochloa radicans (20,71%) (Increaser II 
B) an unpalatable grass and has low nutritional value; Schmidtia 
pappophoroides (14,65%)  (Decreaser) which is palatable and is high 
in nutritional value and Urochloa mosambicensis (10,61%)  (Increaser 
II C) also a palatable grass and has a very high nutritional value. 
 
From Figure 4.11 it is also clear that Increaser species occurred on 
63,64% of the area of the transects of plot 9 while Decreaser species 
only occurred on 36,36% of the area of the transects.  A total of 46,97% 
of the grass on plot 9 was palatable and 53,03% of the grass was 
unpalatable. 
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4.3.7.5 PLOT 10 DEC B3 
 
Figure 4.12: Species Composition of Grass on The 
Transects of Plot 10 
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Figure 4.12 indicates that the most prominent species on the transects 
of plot 10 in 1999 was Enneapogon cenchroides (32,49%) (Increaser II 
C).  It is unpalatable and has a low nutritional value.  Some of the other 
less prominent species were Bothriochloa radicans (17,26%) 
(Increaser II B) known to be unpalatable and has a low nutritional 
value, Schmidtia pappophoroides (13,20%) (Decreaser) a palatable 
grass with a high nutritional value and Urochloa mosambicensis 
(11,68%) (Increaser II C) which is palatable with a high nutritional 
value. 
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From Figure 4.12 it is also clear that the Increaser species occurred on 
66% of the area of the transects of plot 10 while Decreaser species only 
occurred on 34% of the area of the transects.  A total of 45,68% of the 
grass on plot 10 was palatable and 54,32% of the grass was unpalatable. 
 
4.3.8 QUADRENNIAL BURNING TREATMENT PLOT 13 OCT B4 
 
Figure 4.13: Species Composition of Grass on The Transects 
of Plot 13 
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Figure 4.13 depicts that the most prominent species on the transects of 
plot 13 in 1999 was Enneapogon cenchroides (41,82%) (Increaser II C) 
which is unpalatable and has low nutritional value.  Some of the other 
less prominent species were the unpalatable Bothriochloa radicans 
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(15,45%) (Increaser II B) which has a low nutritional value, Cenchrus 
cilliaris (15,45%) (Decreaser) which is palatable and has a high nutritional 
value and Urochloa mosambicensis (10,91%) (Increaser II C) also known 
to be palatable with a high nutritional value. 
 
It is also clear that Increaser species occurred on 85,45% of the area of the 
transects of plot 13 while Decreaser species only occurred on 14,55% of the 
area of the transects.  A total of 40,91% of the grass on plot 13 was 
palatable while 59,09% of the grass was unpalatable (Figure 4.13). 
 
4.3.9 SEXENNIAL BURNING TREATMENT PLOT 14 OCT B6 
 
Figure 4.14: Species Composition of Grass on The Transects 
of Plot 14 
0.00%
5.00%
10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
Percentage
Species
Species Composition of Grass on The Transect of Plot 14
Percentage 0.181818182 0.027272727 0.4 0.090909091 0.045454545 0.245454545 0.009090909
Bothriochloa 
radicans Cenchrus ciliaris
Enneapogon 
cenchroides
Panicum 
coloratum
Panicum 
maximum
Urochloa 
mosambicensis
Themeda 
Triandra
 
 77
From Figure 4.14 it is clear that the most prominent species on the 
transects of plot 14 in 1999 was Enneapogon cenchroides (40%) (Increaser 
II C) (unpalatable with a low nutritional value).  Some of the other less 
prominent species were Urochloa mosambicensis (24,55%) (Increaser II C) 
a palatable grass with a high nutritional value and Bothriochloa radicans 
(18,18%) (Increaser II B) which is unpalatable with a low nutritional value. 
 
Figure 4.14 also shows that Increaser species occurred on 82,73% of the 
area of the transects of plot 14 while Decreaser species only occurred on 
17,27% of the area of the transects.  A total of 41,82% of the grass on plot 
14 was palatable while 58,18% of the grass was unpalatable. 
 
4.4 CHAPTER SUMMARY 
 
Grass constitutes the major component of fuel load in savanna fires and is 
the most important factor influencing fire intensity (Trollope,1983). However, 
there are many other factors which influence the grass, for example the type 
of soil on which the grass is encountered, rainfall (droughts), grazing and 
veld fires.  From the study, however, it became evident that controlled 
burning does not influence grass so harshly.    
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Table 4.4: Summary of the Grass on The Mooiplaas Burning 
Plots in 1999 
PLOT TREATMENT ECOLOGICAL STATUS PALATABLE STATUS 
  INCREASER % DECREASER % PALATABLE % NON PALATABLE % 
      
1 CONTROL 74.500 25.500 33.500 66.500 
      
 ANNUAL     
7 AUG. 85.940 14.060 55.770 44.230 
      
 BIENNIAL     
4 FEB. 98.970 1.030 48.960 51.040 
6 APR. 90.000 10.000 27.000 73.000 
5 AUG. 91.000 9.000 50.500 49.500 
3 OCT. 85.500 14.500 23.000 77.000 
2 DEC. 78.000 22.000 47.000 53.000 
      
 AVERAGE 88.694 11.306 39.292 60.708 
      
 TRIENNIAL     
8 FEB. 84.270 15.730 16.850 83.150 
12 APR. 85.650 14.350 21.280 78.720 
11 AUG. 84.770 15.230 20.310 79.690 
9 OCT. 63.640 36.360 46.970 53.030 
10 DEC. 66.000 34.000 45.680 54.320 
      
 AVERAGE 76.866 23.134 30.218 69.782 
      
 QOADRENNIAL     
13 OCT. 85.450 14.550 40.910 59.090 
      
 SEXENNIAL     
14 OCT. 82.730 17.270 41.820 58.180 
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Table 4.4 indicates that fire frequency does not appear to have a major 
influence on grass.  All the burning treatments appear to have led to an 
increase in Increaser grass species in comparison with the control plot. The 
percentage Increaser species appears to be higher as fire intensity 
increase.  The biennial and triennial burns in October and December, 
however, did not indicate such a large increase in Increaser species, since 
the burning treatment occurred during the rainy season.  October does not 
appear to have such a big percentage Increaser species due to the fact that 
it sometimes rained before the burning treatment was applied, thus 
resulting in cooler fires, which must have been very intense.  It is thus 
expected that the hot fires will result in a much more prolific increase in the 
Increaser species.  
 
From Table 4.4 it also appears as if the biennial burns in February, April 
and August led to the most significant increase in Increaser species of all 
the fire frequencies and seasons of burning. 
 
Intense fire, especially in August, was ensured since the grass had 
sufficient time in between the burning treatments to produce enough dry 
material.  February and April, which produce cooler fires, also show a high 
percentage Increaser species due to the combination of fire intensity and 
season.  The grass is actively growing in February and is still young in April.  
It thus appears as if the fire has a negative effect on the young grass, which 
leads to an increase in Increaser species.   The Decreaser species, 
however, appears to diminish since it is inadaptable to burning treatments.  
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During the tri- quad- and sexennial burning treatments, it appears as if the 
percentage Decreaser species is higher.  This may be due to the longer 
recovery period and the adaptability of the grass.    
  
The percentage Decreaser grass species found on the plot burned annually 
is also expected to be higher than on the plots burned biennially in 
February, April and August, since the grass possibly has not had enough 
time to produce sufficient dry material in order to ensure intense fires.   
 
Fire intensity thus appears to play a much greater role than the fire 
frequency and season of burning on the species composition and structure 
of the grass.  The researcher therefore recommend that in order to ensure 
that the Increaser species proliferate on the burning plots, burning has to be 
performed during the drier rainfall seasons, (for example August) on a 
biennial basis or annual basis, when the grass has produced sufficient dry 
material in order to ensure an intense fire.  In order to ensure decreaser 
species burning in dry seasons for example August on an annual or 
biennial basis must be avoided.  
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CHAPTER  5 
5. THE INFLUENCE OF FIRE FREQUENCY AND 
SEASON OF BURNING ON WOODY VEGETATION 
 
5.1 INTRODUCTION 
 
Conflicting results have been obtained on the effect of frequency of 
burning on the density of tree and shrub vegetation in the past.  In the 
KNP frequency of burning appears not to have any significant effect on 
the density of woody plants (Van Wyk, 1971). 
 
However, the visual difference in woody phytomass between the control 
plots that are completely protected from fire and the annual, biennial and 
triennial burning treatments show an equally dramatic decline in the 
woody phytomass with an increase in the frequency of burning (Trollope 
et al, 1986). Concerning the season of burning that occurred in the 
national fire regime, Komerek (1971), quotes the Secretary of Forestry in 
South Africa (1967), who stated that “ . . . most of the fires of any 
consequence that are initiated by lightning occur during the early summer 
months, October and November, before the summer rains have 
commenced or set in properly.”  This evidence would reveal that the 
burning season under the natural fire regime occurred most frequently at 
the end of the dry season and just prior to the first spring rains. 
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It is difficult to ascertain the effect of season of burning on shrubs 
because generally it is confounded with fire intensity.  Where the trees are 
dormant in winter, the grass supports intense fires; when the trees are 
actively growing during summer the grass is green and the fires much 
cooler.  Although West (1965) suggested that woody plants are more 
susceptible to fire at the end of the dry season when the plant reserves 
are depleted by the new spring growth, Trollope et al, (1990) found that 
only 1 per cent of shrubs in the KNP were killed after fires that had been 
applied to shrubs ranging from dormant to actively growing plants. Thus 
according to Trollope et al, (1990) it appears as if shrubs are not very 
sensitive to season of burning. 
 
The growth and reproduction of trees are important for several reasons.  
Firstly, they have direct consequences on the re-establishment of woody 
plants, and secondly trees are the main source of food to browsers.  It is 
therefore very important to know what the effect of fire frequency and 
season of burning has on the woody vegetation. 
 
The objectives of this study were to compare 1957’s data with 1999’s 
data, and to determine: 
 
· The difference between the species composition of the trees on the 
burning plots of 1957 and 1999; 
· The difference between the diameter of singlestemmed C. mopane 
trees on the burning plots of 1957 and 1999; 
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· The difference between the diameter of the multistemmed C. mopane 
trees on the burning plots of 1957 and 1999; 
· The difference between the height of the singlestemmed C. mopane 
trees on the burning plots of 1999; 
· The difference between the height of the multistemmed C. mopane 
trees on the burning plots of 1999. 
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5.2 TREATMENTS 
 
Burning treatments being applied on the Mooiplaas burning plots are set 
out in Table 5.1. 
 
Table 5.1: Mooiplaas Burning Plots 
 
Plot  Season   Years between burning 
1  Control    No burning. 
2  Dec  
3  Oct  
4  Feb             Burned every 2nd year (B2) 
5  Aug  
6  Apr  
7  Aug    Burned every year (B1) 
8  Feb 
9  Oct 
10  Dec     Burned every 3rd year (B3) 
11  Aug  
12  Apr  
13  Oct     Burned every 4th year (B4) 
14  Oct     Burned every 6th year (B6) 
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5.3 OBJECTIVES AND METHODS USED  
 
The objectives of this chapter were to determine what the plots looked like 
in 1999 and 1957 by comparing all the plots of 1999 and 1957 with each 
other. This was done to investigate the effect of the application of fires on 
the Mopane veld in different frequencies and seasons.   The researcher 
compared the plots with the control, since it was not exposed to any fires.  
The researcher, therefore, accepts that any changes that occurred 
between 1957 and 1999 on plot 1 (control) were due to natural causes.   
 
Since so much data was available to the researcher, the focus was 
placed on the crux of the study topic, namely the effect of the frequency 
and season of controlled burning on the Mooiplaas plots.  
 
The data in 1999 was constantly compared with the control plot.  Plots in 
1957 also differed from one another and consequently the researcher 
compared the control and other plots in 1957 with each other in order to 
attain p-values so that statistical significance could be linked to them.  
The same was done for 1999.  The p – and Test Statistic (TS) values 
between the control plot and the rest of the plots in 1957 and 1999 were 
only determined for singlestemmed trees, since the singlestemmed trees 
were more relevant to the researcher in the specific veld type.  The 
multistemmed C. mopane trees tend to condense, and this then makes 
the veld more suitable to browsers.   
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The p-values and the TS values of the control plot in 1999, compared with 
the other plots, were only based on the single- and multistemmed C. 
mopane trees.  
 
5.3.1 SPECIES COMPOSITION 
 
Since the majority of the trees were multistemmed trees in both 1957 and 
1999, the researcher focused on the comparison of the number of 
multistemmed trees from selective species between 1957 and 1999.  
Also, no statistical comparison was made for the graphical comparison of 
the number of multistemmed trees from selective species between 1957 
and 1999 for plots 13 and 14, since these plots were added as additional 
burning treatments.   
 
The comparison of the number of species per plot between 1957 and 
1999 for singlestemmed and multistemmed trees was also done. 
 
5.3.2 HEIGHT 
 
The graphical height comparison between the number of single and 
multistemmed mopane trees was only done for the data obtained in 1999, 
since no data on the heights of the trees was documented for 1957.   
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The height classification of the trees is as follows: 
Class 1          0-1m 
Class 2         1.01-2m 
Class 3         2.01-3m 
Class 4         3.01-4m 
Class 5        More than 4m 
 
 Each plot has been graphically displayed. 
 
5.4 RESULTS AND DISCUSSIONS 
 
NOTE: All values quoted in this study were based on the transects 
as described in the methods used section.  This applies to 
the numbers of trees as mentioned per plot.  All hypothesis 
tests conducted were considered as two tailed tests. 
 
5.4.1 CONTROL PLOT: NO BURNING  
 
5.4.1.1 SPECIES COMPOSITION 
 
By considering Figure 5.1 one can see that the most prominent species 
were C. mopane, D. cinerea, A. nigrescens and A. tortillis. Less 
prominent species were classified as other.  C. mopane was the most 
prominent species in 1957 and 1999. D. cinerea increased from 3 
multistemmed trees in 1957 to 7 multistemmed trees in 1999; A. 
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nigrescens decreased from 7 multistemmed trees in 1957 to 1 
multistemmed tree in 1999; A. tortillis as well as the other species, 
decreased in numbers. 
 
Figure 5.1: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
Between 1957 and 1999 for the Control Plot 
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The number of species which was encountered as singlestemmed and 
multistemmed species on the control plot, changed as follows between 
1957 and 1999 (Table 5.2). 
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Table 5.2: Species Numbers in 1957 and 1999 for Control Plot 
 1957 1999 
Singlestemmed species 1 5 
Multistemmed species 11 6 
 
From Table 5.2 it is clear that the number of species occurring as 
singlestemmed trees increased while the number of species occurring 
as multistemmed trees decreased.  It is therefore a natural occurrence 
that the exclusion of controlled burning will lead to the increase of 
singlestemmed species.  Of all the 127 trees measured in 1957 on the 
transect, only 1 tree was found to be singlestemmed.  Of all the 192 
trees measured on the transect in 1999 as many as 149 trees were 
found to be singlestemmed. 
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5.4.1.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.2: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
Between 1957 and 1999: Plot 1 
 
By considering Figure 5.2 one can see that there were no trees in 
classes 1 to 5 in 1957. In 1999 however, there were 11 trees in class 1, 
79 trees in class 2, 49 trees in class 3, 2 trees in class 4 and no trees 
in class 5. The trees in classes 1 to 4 increased from 1957 to 1999.  
The mean diameter in 1999 was 61,8mm. 
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Figure 5.3: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 1 
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Figure 5.3 indicates that the number of trees in class 1 has increased 
from only 2 trees in 1957 to 30 trees in 1999.  From 1957 to 1999 the 
trees in classes 2 and 3 however decreased drastically from 40 to 0 
and 46 to 0 trees respectively.  The mean diameter in 1999 was 12,866 
cm. 
 
Singlestemmed trees increased from 1957 to 1999. Multistemmed 
trees increased in class 1, but decreased in classes 2 and 3. 
Multistemmed trees thus appear to have become smaller and fewer on 
the control plot. 
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5.4.1.3 HEIGHTS OF TREES 
 
Figure 5.4: Graphical Height Comparison Between Number 
of Singlestemmed C. mopane Trees between 
Plot 1 and Plot 7 
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According to Figure 5.4 there were 141 trees on plot 1 of which 6 trees 
fell into class 1, 61 trees in class 2, 64 trees in class 3, 9 trees in class 
4 and 1 tree in class 5. Most of the trees were found in classes 2 and 3.  
The mean height in 1999 was 2,190m. 
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Figure 5.5: Graphical Height Comparison Between Number 
of Multistemmed C. mopane Trees between Plot 
1 and Plot 7 
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From Figure 5.5 one can see that there were 30 trees on plot 1 of 
which 2 trees fell in class 1, 16 trees in class 2, 11 trees in class 3, and 
1 tree in class 4. Most of the species occurred in class 2 and 3. The 
mean height in 1999 was 1,903m. 
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5.4.2 ANNUAL BURNING (PLOT 7) AUG B1 
 
5.4.2.1 SPECIES COMPOSITION 
 
Figure 5.6 shows that the most prominent species are C. mopane, C. 
africana, A. tortillis, D. cinerea and L. cappasa, C. mopane was the 
most prominent species in 1957 and in 1999. C. africana and D. 
cinerea drastically decreased from 24 trees in 1957 to 1 tree in 1999 
and from 38 trees in 1957 to 12 trees in 1999 respectively.  The 
number of C. mopane trees more than doubled from 1957 to 1999. 
 
Figure 5.6: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
Between 1957 and 1999 for Plot 7 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 7, changed as follows from 1957 to 1999 
(Table 5.3). 
 
Table 5.3: Species Numbers in 1957 and 1999 for Plot 7 
 1957 1999 
Singlestemmed species 6 4 
Multistemmed species 15 5 
 
From Table 5.3 it is clear that the number of single and multistemmed 
species declined from 1957 to 1999.  This possibly happened since the 
yearly burning treatment killed many of the species. 
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5.4.2.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.7: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 7 
 
By considering Figure 5.7 one can see that between 1957 and 1999, 
classes 1 to 3 increased from 0 to 10 trees, 0 to 3 trees and 0 to 1 tree 
respectively. From 1957 to 1999, classes 4 and 5 decreased from 1 to 
0 trees and 3 to 0 trees respectively.  The mean diameter in 1999 was 
23,570 mm. 
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Figure 5.8: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 7 
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According to Figure 5.8 the number of trees in class 1 increased 
considerably from 35 in 1957 to 310 in 1999.  In class 2 tree numbers 
decreased from 77 in 1957 to 4 in 1999. Tree numbers in class 3 also 
decreased from 35 in 1957 to 0 in 1999.  The mean diameter in 1999 
was 13,525cm. 
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5.4.2.3 HEIGHT 
 
PLOT 7 – (AUG B1 – SINGLESTEMMED) 
Figure 5.4 shows that there were 14 singlestemmed trees on plot 7 of 
which 3 fell in class 1, 10 in class 2 and 1 tree in class 4.  The mean 
height in 1999 was 1,385 m. 
 
PLOT 7 – (AUG B1 – MULTISTEMMED) 
Figure 5.5 depicts that  there were 314 multistemmed mopane trees on 
this plot in total. The greater majority of the trees (207) fell into class 2. 
There were 107 trees falling in class 1.  The mean height in 1999 was 
1,161m. 
 
5.4.2.4 CONTROL IN COMPARISON WITH PLOT 7 (ANNUAL BURNING) 
 
5.4.2.4.1 A Comparison of all singlestemmed trees in 1957 between Plot 
1 and Plot 7 and a comparison of all singlestemmed trees in 
1999 between Plot 1 and Plot 7 
 
By comparing the control plot (plot 1) with the annual burning plot 
(plot 7) in 1957 one notices a significant difference in the number of 
singlestemmed trees (p-value = 0.038 < 0.05, TS = -2,067).  Since 
the test statistic value was calculated using the proportion of 
singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 7, the negative value suggests that 
plot 1 had significantly less singlestemmed trees than plot 7. 
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If, however, the same two plots are compared in 1999, one notices 
a significant difference in the number of singlestemmed trees (p-
value = 0.000 < 0.01, TS = 17,825).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 7, the 
positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 7.  
 
5.4.2.4.2 Plot 1 and Plot 7 compared with each other in 1999 
 
For singlestemmed mopane trees it was found that there was a 
significant difference between the diameters of these trees for plot 1 
and plot 7 (p-value = < 0.0001) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. There was also significant difference 
between the heights of these singlestemmed mopane trees (p-value 
= 0.0017 < 0.01) based on the pooled variance approximation for a 
2 sample t-test with equal variances. 
 
For multistemmed C. mopane trees it was found that there was no 
significant difference between the diameters of these trees for plot 1 
and plot 7 (p-value = 0,4764) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. There was however a significant difference 
between the heights of these multistemmed C. mopane trees (p-
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value = 0,001 < 0,01) based on the pooled variance approximation 
for a 2 sample t-test with equal variances. 
 
5.4.2.5 SUMMARY –ANNUAL BURNING 
 
Annual burning has a negative influence on the species composition, 
since both the number of single- and multistemmed species decreased.   
The singlestemmed C. mopane trees decreased significantly, in 
comparison with the control plot.  The singlestemmed C. mopane trees 
became significantly thinner in stem diameter (plot 1 mean diameter = 
61,800mm vs. plot 7 mean diameter = 23,570mm). The singlestemmed 
C. mopane trees also became significantly shorter in comparison to 
plot 1 (plot 1 mean height = 2,190m vs. plot 7 mean height = 1,385m).  
The singlestemmed trees, therefore, significantly decreased in number, 
the stem diameter significantly decreased and the trees became 
significantly shorter in comparison with the control plot. 
 
It appears if the number of multistemmed C. mopane trees increased 
drastically in comparison with the control plot but not significantly. The 
multistemmed C. mopane trees appears to have grown thicker in stem 
diameter when compared with the control plot but also not significantly 
(plot 1 mean diameter = 12,866 cm vs. plot 7 mean diameter = 
13,525cm). The multistemmed C. mopane trees was found to be 
significantly shorter in comparison with the control plot (plot 1 mean 
height = 1,903m vs. plot 7 mean height = 1,161m).  The multistemmed 
trees thus appear to have increased drastically.  
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5.4.3 BIENNIAL BURNING PLOT 4 - FEB B2 
 
5.4.3.1 SPECIES COMPOSITION 
 
Figure 5.9 shows that the most prominent species are C. mopane and 
A. nigrescens.  C. mopane was the most prominent species in both 
1957 and 1999. The other species, however, were much more 
prominent in 1957 than in 1999.  In 1957 there were 49 trees, which fell 
into the other category, while in 1999 none was encountered.  The 
number of species, therefore, decreased. 
 
Figure 5.9: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999: Plot 4 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 4 changed as follows from 1957 to 1999 
(Table 5.4). 
 
Table 5.4: Species Numbers in 1957 and 1999 for Plot 4 
  1957 1999 
Singlestemmed species 3 1 
Multistemmed species 10 2 
 
From Table 5.4 it is clear that the number of singlestemmed and 
multistemmed species declined.  In 1957 a total of 10 multistemmed 
species were encountered, while only 2 multistemmed species were 
encountered in 1999. The singlestemmed species also decreased from 
3 to 1. 
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5.4.3.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.10: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 4 
  
By considering Figure 5.10 one can see that from 1957 to 1999 classes 
1 to 3 increased from 0 to 6 trees, 0 to 2 trees and 0 to 4 trees 
respectively.  Class 4 however decreased from 4 trees in 1957 to 0 
trees in 1999.  There were no trees in class 5 in 1957 or 1999. The 
mean diameter in 1999 was 55,000mm. 
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Figure 5.11: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 4 
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According to Figure 5.11 one can see that the number of trees in class 
1 increased from 19 in 1957 to 76 in 1999.  In classes 2 and 3, from 
1957 to 1999, tree numbers decreased from 39 to 0 and 22 to 0 
respectively.  The mean diameter in 1999 was 14,631 cm. 
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5.4.3.3 HEIGHT 
 
Figure 5.12: Graphical Height Comparison Between Number 
of Singlestemmed C. mopane Trees between 
Plot 1 and Plot 4 
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Figure 5.12 indicates there were only 12 singlestemmed C. mopane 
trees on plot 4 of which 8 trees fell into class 2 and 4 into class 3.  The 
mean height in 1999 was 1,816m. 
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Figure 5.13: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 4 
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Figure 5.13 depicts that there were 76 trees on plot 4 of which 20 fell in 
class 1, 48 in class 2 and 8 in class 4. The mean height in 1999 was 
1,292m. 
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5.4.3.4 CONTROL PLOT COMPARED WITH PLOT 4 (BIENNIAL BURNING) 
 
5.4.3.4.1 A Comparison of all singlestemmed trees in 1957 between Plot 
1 and Plot 4, and a comparison of all singlestemmed trees in 
1999 between Plot 1 and Plot 4 
 
When a comparison is made between the control plot and the 
biennial burning plot (plot 4) in 1957, one notices a significant 
difference in the number of singlestemmed trees (p-value = 0.025 < 
0.05, TS = -2,238).  Since the test statistic value was calculated 
using the proportion of singlestemmed trees on plot 1 minus the 
proportion of singlestemmed trees on plot 4, the negative value 
suggests that plot 1 had significantly less singlestemmed trees than 
plot 4. 
 
When the same two plots are compared with each other in 1999, 
one notices a significant difference in the number of singlestemmed 
trees (p-value = 0.000 < 0.01, TS = 8,252). Since the test statistic 
value was calculated using the proportion of singlestemmed trees 
on plot 1 minus the proportion of singlestemmed trees on plot 4, this 
positive value suggests that plot 1 now had significantly more 
singlestemmed trees than plot 4. 
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5.4.3.4.2 Plot 1 and Plot 4 compared with each other in 1999  
 
For singlestemmed mopane trees it was found that there were no 
significant differences between the diameters of these trees for plot 
1 and plot 4 (p-value = 0.764 > 0.05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. There was also no significant difference 
between the heights of these singlestemmed mopane trees (p-value 
0,329 > 0,05) based on the pooled variance approximation for a 2 
sample t-test with equal variances. 
 
For multistemmed mopane trees it was found that there were no 
significant differences between the diameters of these trees on plot 
1 and plot 4 (p-value = 0,2074 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. There was, however, a significant 
difference between the heights of these multistemmed trees for plot 
1 and 4 (p-value = 0,0001) based on the pooled variance 
approximation for a 2 sample t-test with equal variances. 
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5.4.3.5 SUMMARY BIENNIAL BURNING (FEBRUARY) 
 
The biennial burning in February has a negative influence on the 
species composition, since the number of single- and multistemmed 
species decreased from 1957 to 1999. In comparison with the control 
plot the singlestemmed trees also decreased with the burning 
treatment. 
 
Although the diameter of the singlestemmed trees appears to have 
decreased, resulting in the trees becoming thinner, this decrease was 
not significant. (Plot 1 mean diameter = 61,800mm vs. plot 4 mean 
diameter = 55,000 mm). The height of the singlestemmed trees also 
appears to have decreased in comparison with the control plot (plot 1 
mean height = 2,190m vs. plot 4 mean height = 1,816m) although also 
not significant.  
 
The multistemmed trees also appear to have decreased in number 
compared to the control plot, but only with 8 trees.  Although the 
diameter of the multistemmed C. mopane trees appears to have 
increased in comparison with the control plot (plot 1 mean diameter = 
12,866 cm vs. plot 4 mean diameter = 14,631cm) this increase was not 
significant.  The height of the multistemmed C. mopane trees however 
decreased significantly in comparison with plot 1 (plot 1 mean height = 
1,903m vs. plot 4 mean height  = 1,292m). 
 
 110
5.4.4 BIENNIAL BURNING PLOT 6 – APRIL B2 
 
5.4.4.1 SPECIES COMPOSITION 
 
Figure 5.14 clearly shows that the most prominent species in both 1957 
and 1999 were C. mopane. C. mopane increased drastically from 100 
trees in 1957 to 245 trees in 1999.  The multistemmed C. mopane 
trees had thus more than doubled in number.   D. cinerea remained 
constant while the other species decreased from 1957 to 1999. 
 
Figure 5.14: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 6 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 6 changed as follows from 1957 to 1999 
(Table 5.5). 
 
Table 5.5: Species Numbers in 1957 and 1999 for Plot 6 
 1957 1999 
Singlestemmed species 5 3 
Multistemmed species 6 3 
 
From Table 5.5 it is clear that the biennial burning in April leads to the 
reduction in both the number of single- and multistemmed species. 
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5.4.4.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.15: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 6 
 
According to Figure 5.15 the number of singlestemmed C. mopane 
trees in classes 1 to 3 increased from 1957 to 1999, from 0 to 8 trees, 
0 to 37 trees and 0 to 11 trees respectively. There were no trees in 
class 4 in both 1957 and 1999. From 1957 to 1999 the number of trees 
in class 5 increased from 1 to 2 trees. The mean diameter for 1999 was 
56,630mm. 
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Figure 5.16: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 6 
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By considering Figure 5.16 one can see that the number of trees in 
class 1 increased considerably from 9 trees in 1957 to 237 trees in 
1999. From 1957 to 1999 tree numbers in classes 2 and 3 
decreased from 41 trees to 7 trees and 50 trees to 1 tree 
respectively. The mean diameter in 1999 was 13,597 cm.  
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5.4.4.3 HEIGHT  
 
Figure 5.17: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
Between Plot 1 and Plot 6 
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From Figure 5.17 one can see that there were 58 trees on the 
transects of plot 6 of which the greater majority (37) fell into class 2.  
There were 15 trees in class 3 and 2 trees in class 4.  The mean height 
in 1999 was 1,822m. 
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Figure 5.18: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 6 
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Figure 5.18 depicts that there were 245 trees on the transects of plot 6. 
The majority of the trees (140) were classified as class 2 followed by 
74 trees in class 1 and 27 trees in class 3. There were 4 trees in class 
4. The mean height in 1999 was 1,370m. 
 
 116
5.4.4.4 CONTROL IN COMPARISON WITH PLOT 6 (BIENNIAL APR B2) 
 
5.4.4.4.1 A comparison of all singlestemmed trees in 1957 between plot 
1 and plot 6; and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 6 
 
When the control plot and the biennial burn plot (plot 6) are 
compared with each other in 1957 one notices that there is no 
significant difference in the number of singlestemmed trees (p-value 
= 0,499 > 0,05, TS= -0,675).  Since the test statistic value was 
calculated, using the proportion of singlestemmed trees on plot 1 
minus the proportion of singlestemmed trees on plot 6, the negative 
value suggest that plot 1 had less singlestemmed trees than plot 6 
although this difference can not be considered as significant. 
 
If we however compare the same two plots in 1999, one notices a 
significant difference in the number of singlestemmed trees (p-value 
= 0,000 < 0,01, TS = 12,841).  Since the test statistic value was 
calculated using the proportion of singlestemmed trees on plot 1 
minus the proportion of singlestemmed trees on plot 6, this positive 
value suggests that plot 1 had significantly more singlestemmed 
trees than plot 6. 
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5.4.4.4.2 Plot 1 and plot 6 in 1999 compared with each other 
 
For singlestemmed mopane trees it was found that there were no 
significant differences between the diameters of these trees for plot 
1 and plot 6 (p-value = 0,420) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. There was, however, a significant 
difference between the heights of these singlestemmed mopane 
trees (p-value = 0,004 < 0,01) based on the pooled variance 
approximation for a 2 sample t-test with equal variances. 
 
For multistemmed mopane trees it was found that there were also 
no significant difference between the diameters of these trees for 
plot 1 and plot 6 (p-value = 0,560 > 0,05) based on the 
Satterthwaite approximation to the Behrens-Fisher problem for a 2 
sample t-tests with unequal variances. There was however a 
significant difference between the heights of these multistemmed 
trees (p-value = 0,0001 < 0,01) based on the pooled variance 
approximation for a 2 sample t-test with equal variances. 
 
5.4.4.5 SUMMARY – BIENNIAL BURNING (APRIL B2) 
 
The biennial burning in the month of April has a negative influence on 
the species composition, since the number of single- and 
multistemmed species decreased from 1957 to 1999.  Species that are 
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not fire resistant died in the fire.  The burning treatment also leads to 
the decrease in the number of singlestemmed trees. The 
singlestemmed trees also appear to become thinner, when compared 
with the control plot, although this decrease in diameter was not 
significant (plot 1 mean diameter= 61, 800mm vs. plot 6 mean diameter 
= 56, 630 mm).  The singlestemmed C. mopane trees became 
significantly lower in height, (Plot 1 mean height = 2,190m vs. plot 6 
mean height =1,822m).  The singlestemmed C. mopane trees, 
therefore, significantly decreased in number and became significantly 
shorter. 
 
The number of multistemmed trees appears to have increased 
compared with the control plot.  The multistemmed C. mopane trees 
also appear to have grown thicker in comparison with the control plot 
although the increase in diameter was not significant (plot 1 mean 
diameter = 12,886 cm vs. plot 6 mean diameter = 13,597 cm).  The 
multistemmed C. mopane trees also became significantly lower in 
height, compared with the control plot, (plot 1 mean height = 1,903m 
vs. plot 6 mean height = 1,370m).  The number of multistemmed trees, 
therefore, appears to have increased and the trees became 
significantly shorter, and appears to become thicker.  
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5.4.5 BIENNIAL BURNING PLOT 5 – AUG B2 
 
5.4.5.1 SPECIES COMPOSITION 
 
Figure 5.19 shows that the most prominent species are C. mopane and 
E. oblisifolia. C. mopane was the most prominent species in both 1957 
and 1999 and the number of C. mopane trees more than doubled from 
1957 to 1999. 
 
Figure 5.19: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 5 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 5 changed as follows from 1957 to 1999 
(Table 5.6). 
Table 5.6: Species Numbers in 1957 and 1999 for Plot 5 
 1957 1999 
Singlestemmed species 2 1 
Multistemmed species 9 5 
 
From Table 5.6 it is clear that both the number of singlestemmed and 
multistemmed species decreased from 1957 to 1999. 
 
5.4.5.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.20: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 5 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
Frequency 
Graphical Diameter Comparison Between Number of 
Singlestemmed C. mopani Trees between 1957 and 1999:  Plot 5
1957 0 0 0 0 0
1999 4 2 0 0 0
0-25mm 26-75mm 76-125mm 126-175mm More Than 
176 mm
 121
Figure 5.20 indicates that from 1957 to 1999 the number of 
singlestemmed trees in classes 1 and 2 increased from 0 to 4 trees 
and 0 to 2 trees respectively. In 1957 and in 1999 classes 3, 4 and 5 
had no trees. The mean diameter in 1999 was 18,333mm. 
 
Figure 5.21: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 5 
0
50
100
150
200
250
Frequency
Graphical Diameter Comparison Between Number of Multi-
stemmed C. mopane  Trees between 1957 and 1999: Plot 5
1957 15 56 29
1999 240 3 0
0-30cm 31-90cm More than 90cm
 
 
According to Figure 5.21 one can see that the number of multistemmed 
trees in class 1 increased considerably from 15 in 1957 to 240 in 1999. 
In class 2, tree numbers decreased from 56 in 1957 to 3 in 1999. Tree 
numbers in class 3 reduced from 29 in 1957 to 0 in 1999. The mean 
diameter in 1999 was 14,969cm. 
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5.4.5.3 HEIGHT 
 
Figure 5.22: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 5 
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From Figure 5.22 one can see that there were 6 singlestemmed trees 
on plot 5 of which 3 fell in class 1 and 3 in class 2. The mean height in 
1999 was 1,066m.  
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Figure 5.23: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 5 
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Figure 5.23 depicts that there was 243 multistemmed trees on plot 5. 
The majority of the trees (183) were classified as Class 2. There were 
however also 60 trees in Class 1. The mean height in 1999 was 
1,204m. 
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5.4.5.4 CONTROL COMPARED WITH PLOT 5 (BIENNIAL AUG B2) 
 
5.4.5.4.1 A comparison of all singlestemmed trees in 1957 between Plot 
1 and Plot 5; and a comparison of all singlestemmed trees in 
1999 between Plot 1 and Plot 5 
 
When the control plot and the biennial burning plot (plot 5) are 
compared with each other in 1957 we notice that there was no 
significant difference in the number of singlestemmed trees (p-value 
= 0,565 > 0,05, TS = -0,573).  Since the test statistic value was 
calculated using the proportion of singlestemmed trees on plot 1 
minus the proportion of singlestemmed trees on plot 5, the negative 
value suggests that plot 1 had less trees than plot 5 although this 
difference was not significant. 
 
If we however compare the same plots in 1999, we notice that there 
is a significant difference in the number of singlestemmed trees    
(p-value 0,000 < 0,01, TS = 16,596).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 5, the 
positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 5. 
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5.4.5.4.2 Plot 1 and plot 5 compared with each other in 1999 
 
For singlestemmed mopane trees it was found that there was a 
significant difference between the diameter of these trees for plot 1 
and plot 5 (p-value < 0,0001) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. 
 
There were also significant differences between the heights of 
these singlestemmed mopane trees (p-value = 0,0034 < 0.01) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
 
For the multistemmed mopane trees it was found that there were 
significant differences between the diameters of these trees for plot 
1 and plot 5 (p-value = 0,0291 < 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. 
 
There was also significant difference between the heights of these 
multistemmed mopane trees (p-value = 0,001) based on the pooled 
variance approximation for a 2 sample t-test with equal variances. 
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5.4.5.5 SUMMARY – BIENNIAL BURNING (AUG B2) 
 
The biennial burn in August had a negative influence on the species 
composition, since this burning treatment resulted in a decrease in the 
numbers of both singlestemmed and multistemmed species. 
 
The number of singlestemmed C. mopane trees significantly decreased 
in comparison with the control plot.  The basal stem diameter of the 
singlestemmed trees reduced significantly (plot 1 mean diameter = 
61,800mm vs. plot 5 mean diameter = 18,333mm).  The height of the 
singlestemmed C. mopane trees also decreased significantly (plot 1 
mean height = 2.190m vs. plot 5 mean height 1.066m).  The number of 
singlestemmed C. mopane trees thus decreased significantly while the 
stem diameter as well as the height also decreased significantly. The 
singlestemmed C. mopane trees, therefore was significantly fewer in 
number, significantly thinner in diameter and shorter in height when 
compared to the control plot.   
 
The number of multistemmed trees appears to have increased when 
compared to the control plot.  The multistemmed C. mopane trees 
increased significantly in stem diameter when compared to the control 
plot (plot 1 mean diameter = 12,866cm vs. plot 5 mean diameter = 
14,969cm.   
 
The multistemmed C. mopane trees also became significantly shorter 
in comparison with the control plot (plot 1 mean height = 1.903m vs.  
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plot 5 mean height = 1.204m).  The multistemmed C. mopane trees, 
therefore appears to have increased in number, became significantly 
thicker in stem diameter, and also became significantly shorter in 
comparison with the control plot. 
 
5.4.6 BIENNIAL BURNING PLOT 3 – OCT B2 
 
5.4.6.1 SPECIES COMPOSITION 
 
Figure 5.24 show that the most prominent species are C. mopane and 
D. cinnerea. C. mopane was the most prominent species in both 1957 
and 1999. 
Figure 5.24: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
Between 1957 and 1999 for Plot 3 
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The number of species encountered as both singlestemmed and 
multistemmed trees on plot 3 changed as follows from 1957 to 1999 
(Table 5.7). 
. 
Table 5.7: Species Numbers in 957 and 1999 for Plot 3 
 1957 1999 
Singlestemmed species 6 1 
Multistemmed species 9 8 
 
From Table 5.7 it is clear that the biennial burning treatment in October 
leads to the reduction in species composition of the singlestemmed 
trees.  The number of multistemmed species basically stayed 
unchanged from 1957 to 1999. 
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5.4.6.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.25: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 3 
 
From Figure 5.25 one can see that from 1957 to 1999 the number of 
singlestemmed trees in classes 1 to 3 increased from 0 to 8 trees, 0 to 
26 trees and 0 to 3 trees respectively.  From 1957 to 1999, however, 
the number of singlestemmed trees in classes 4 and 5 decreased from 
1 to 0 and 4 to 0 trees.  The mean diameter in 1999 was 40,000mm.  
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Figure 5.26: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 3 
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According to Figure 5.26 the number of multistemmed trees in class 1 
increased considerably from 36 in 1957 to 151 in 1999. In class 2 
multistemmed tree numbers decreased from 75 in 1957 to 0 in 1999. 
Tree numbers in class 3 also decreased from 21 trees in 1957 to 0 
trees in 1999.The mean diameter of multistemmed trees in 1999 was 
14,470cm. 
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5.4.6.3 HEIGHT 
 
Figure 5.27: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 3 
 
By considering Figure 5.27 one can see that there were 37 
singlestemmed trees on plot 3 of which 27 fell into class 2 and 10 into 
class 3.  The mean height in 1999 was 1,840m. 
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Figure 5.28: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 3 
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Figure 5.28 depicts that there was 152 multistemmed trees on plot 3. 
The greater majority of the trees (116) were classified as class 2. There 
were 29 trees in class 1 and 7 trees in class 3.The mean height in 1999 
was 1,306m. 
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5.4.6.4 CONTROL COMPARED WITH PLOT 3 (BIENNIAL OCT B2) 
 
5.4.6.4.1 A comparison of all singlestemmed trees in 1957 between plot 
1 and plot 3; and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 3 
 
When the control plot and the biennial burning plot 3 are compared 
with each other in 1957, one notices a significant difference in the 
number of singlestemmed trees (p-value = 0,021 < 0,05, TS =         
-2,294).  Since the test statistic value was calculated using the 
proportion of singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 3, the negative value suggests that 
plot 1 had significantly less singlestemmed trees than plot 3. 
 
If we however compare the same two plots in 1999, we once again 
notice a significant difference in the number of singlestemmed trees 
(p-value = 0,000 < 0,01, TS = 11,714).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 3, the 
positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 3.  
 
5.4.6.4.2 Plot 1 and plot 3 compared with each other in 1999 
 
For singlestemmed mopane trees it was found that there were 
significant differences between the diameters of these trees for plot 
 134
1 and plot 3 (p-value = 0,0001 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. 
 
There was also a significant difference between the heights of these 
singlestemmed mopane trees (p-value = 0,0265 < 0,05) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
For multistemmed mopane trees it was found that there were no 
significant difference between the diameters of these trees for plot 1 
and plot 3 (p-value = 0,0957 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was however a significant difference between the heights of 
these multistemmed mopane trees (p-value = 0,0001 < 0,01) based 
on the pooled variance approximation for a 2 sample t-test with 
equal variances. 
 
5.4.6.5 SUMMARY– BIENNIAL BURNING TREATMENT (OCT B2) 
 
The biennial burning treatment in October appears to lead to the 
reduction in species composition of singlestemmed trees. The number 
of multistemmed species basically stayed unchanged. 
 
 135
The singlestemmed C. mopane trees significantly decreased in number 
when compared to the control plot.  The singlestemmed C. mopane 
trees also became significantly thinner in stem diameter when 
compared with the control plot (plot 1 mean diameter = 61.800mm vs. 
plot 3 mean diameter = 40.000mm).  The singlestemmed trees also 
became significantly shorter in length compared with the control plot 
(plot 1 mean height = 2,190m vs. plot 3 mean height = 1,840m).  The 
singlestemmed trees thus significantly decreased in number, became 
significantly thinner in stem diameter, and are significantly shorter 
when compared to the control plot. 
 
The multistemmed C. mopane trees, however, appears to have 
increased drastically in number when compared to the control plot.  
The multistemmed C. mopane trees appear to become thicker 
(although not significantly) in stem diameter, compared with plot 1 (plot 
1 mean diameter = 12,866cm vs. plot 3 mean diameter = 14,470cm).  
Multistemmed C. mopane trees also became significantly shorter in 
length when compared to plot 1 (plot 1 mean height = 1,903m vs. plot 3 
mean height = 1,306m).  The multistemmed C. mopane trees, thus, 
appears to have increased in number and became significantly shorter 
when compared to the control plot.  
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5.4.7 BIENNIAL BURNING PLOT 2 – DEC B2 
 
5.4.7.1 SPECIES COMPOSITION 
 
Figure 5.29 show that the most prominent species were C. mopane.  C. 
mopane was the most prominent species in both 1957 and 1999. 
 
Figure 5.29: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
Between 1957 and 1999 for Plot 2 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 2 changed as follows from 1957 to 1999 
(Table 5.8). 
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Table 5.8: Species Numbers in 1957 and 1999 for Plot 2 
 1957 1999 
Singlestemmed species 2 2 
Multistemmed species 9 4 
 
From Table 5.8 it is clear that the number of singlestemmed species 
remained constant while the number of multistemmed species 
declined. 
  
5.4.7.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.30: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999:  Plot 2 
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 Figure 5.30 indicates that there was only 1 singlestemmed tree in 
class 5 in 1957. In 1999 there were 3 trees in class 1, 43 trees in class 
2, 17 trees in class 3, 1 tree in class 4 and 3 trees in class 5.  From 
1957 to 1999 the number of trees in classes 1 to 5 thus increased.  The 
mean diameter in 1999 was 67,010mm. 
 
Figure 5.31: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees between 1957 and 
1999: Plot 2 
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According to Figure 5.31 the number of multistemmed trees in class 1 
increased considerably from only 11 trees in 1957 to 187 trees in 1999. 
In class 2 tree numbers decreased from 70 trees in 1957 to 2 trees in 
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1999. Tree numbers in class 3 also decreased from 37 trees in 1957 to 
0 trees in 1999. The mean diameter in 1999 was 12,644cm. 
 
5.4.7.3 HEIGHT 
 
Figure 5.32: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 2 
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By considering Figure 5.32 one can see that the number of 
singlestemmed trees in classes 1 to 3 decreased from 6 trees to 1 tree, 
61 trees to 35 trees and 64 trees to 22 trees respectively.  Class 4 
remained the same while class 5 decreased from 1 tree to 0 trees.  The 
mean height in 1999 was 2,229m.    
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Figure 5.33: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees between Plot 1 
and Plot 2 
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From Figure 5.33 one can see that the number of multistemmed trees 
in classes 1 to 3 increased from 2 trees to 59 trees, 16 trees to 117 
trees and 11 trees to 13 trees respectively.  Class 5 remained the 
same while class 4 decreased from 1 tree to 0 trees.  The mean height 
in 1999 was 1,328m.    
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5.4.7.4 CONTROL COMPARED WITH PLOT 2 (BIENNIAL DEC B2) 
 
5.4.7.4.1 A Comparison of all singlestemmed trees in 1957 between Plot 
1 and Plot 2; and a comparison of all singlestemmed trees in 
1999 between Plot 1 and Plot 2 
 
When the control plot and the biennial burning plot 2 are compared 
with each other in 1957, one notices no significant differences in the 
number of singlestemmed trees (p-value = 0,26218 > 0,05, TS =     
-1,1216).  Since the test statistic value was calculated using the 
proportion of singlestemmed trees on plot 1 minus the proportion of 
single trees on plot 2, the negative value suggests that plot 1 had 
less singlestemmed trees than plot 2 although this difference was 
not significant. 
 
When the same two plots are compared with each other in 1999, 
one notices a significant difference in the number of singlestemmed 
trees (p-value = 0,0000 < 0,01, TS = 10,8841). Since the test 
statistic value was calculated using the proportion of singlestemmed 
trees on plot 1 minus the proportion of singlestemmed trees on plot 
2, the positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 2. 
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5.4.7.4.2 Plot 1 and Plot 2 in 1999 compared with each other 
 
For singlestemmed mopane trees it was found that there were no 
significant difference between the diameters of these trees for plot 1 
and plot 2 (p-value = 0,3809 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for 2 sample t-tests 
with unequal variances. 
 
There was also no significant difference between the heights of 
these singlestemmed mopane trees (p-value = 0,7643 > 0,05) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
 
For multistemmed mopane trees it was found that there were no 
significant difference between the diameters of those trees for plot 1 
and plot 2 (p-value = 0,8148 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was however a significant difference between the heights of 
these multistemmed mopane trees (p-value = 0,0001 < 0,01) based 
on the pooled variance approximation for a 2 sample t-test with 
equal variances. 
 
 143
5.4.7.5 SUMMARY – BIENNIAL BURNING TREATMENT (DEC B2) 
 
The biennial burning treatment in December appears to lead to the 
reduction in species composition of multistemmed trees. The number 
of singlestemmed species however stayed unchanged.    
 
The singlestemmed C. mopane trees became significantly fewer in 
number when compared with the control plot.  The singlestemmed C. 
mopane trees appear to have grown thicker in stem diameter but not 
significantly when compared with the control plot (plot 1 mean diameter 
= 61,800mm vs. plot 2 mean diameter = 67, 010mm).  The 
singlestemmed trees also appear to have grown higher in length when 
compared with the control plot, although this increase in height was 
however not significant (plot 1 mean height = 2,190m vs. plot 2 mean 
height = 2,229m).  The singlestemmed C. mopane trees significantly 
declined in number.  
 
The multistemmed C. mopane trees appear to have increased in 
number when compared with the control plot.  The multistemmed C. 
mopane trees appear to become thinner in stem diameter, although not 
significantly (plot 1 mean diameter = 12,866 vs. plot 2 mean diameter = 
12,644). 
 
The multistemmed C. mopane trees however was found to be  
significantly shorter in comparison with the control plot (plot 1 mean 
height = 1,903m vs. plot 2 mean height = 1,328m).  The multistemmed 
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C. mopane trees thus appear to have increased in number, and the 
trees measured were significantly shorter. 
 
5.4.8 TRIENNIAL BURNING PLOT 8 – FEB B3 
 
5.4.8.1 SPECIES COMPOSITION 
 
Figure 5.34 show that the most prominent species are C. mopane and 
C. Africana.  C. mopane was the most prominent species in both 1957 
and 1999. 
 
Figure 5.34: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 8 
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The number of species encountered as singlestemmed or 
multistemmed trees on plot 8, changed as follows from 1957 to1999 
(Table 5.9). 
 
Table 5.9: Species Numbers in 1957 and 1999 for Plot 8 
  1957 1999 
Singlestemmed species 4 3 
Multistemmed species 11 3 
 
From Table 5.9 it is clear that the triennial burning in February has led 
to the reduction in multistemmed species.  The number of 
singlestemmed species virtually stayed the same. 
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5.4.8.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.35: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 8 
 
By considering Figure 5.35 one can see that from 1957 to 1999 the 
number of singlestemmed trees in classes 1, 2 and 4 increased from 0 
trees to 12 trees, 5 trees to 40 trees and 0 trees to 2 trees respectively. 
Class 3 had no trees in both 1957 and 1999. From 1957 to 1999 the 
trees in class 5 decreased from 2 trees to 0 trees. The mean diameter 
in 1999 was 37,777 mm. 
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Figure 5.36: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 8 
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Figure 5.36 depicts that the number of multistemmed trees in class 1 
increased from 13 trees in 1957 to 48 trees in 1999.  In class 2, tree 
numbers decreased from 59 trees in 1957 to 2 trees in 1999. Tree 
numbers in class 3 showed the same tendency and decreased from 20 
trees in 1957 to 0 trees in 1999. The mean diameter in 1999 was 
13,040 cm. 
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5.4.8.3 HEIGHT 
 
Figure 5.37: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 2 
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From Figure 5.37 one can see that there was 54 singlestemmed C. 
mopane trees on plot 8 of which the greater majority (40) fell into class 
2. There were 10 trees in class 3 and 2 trees in class 4.  The mean 
height in 1999 was 1,829m. 
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Figure 5.38: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
Between Plot 1 and Plot 8 
0
5
10
15
20
25
30
35
Frequency
Graphical Height Comparison Between Number of Multistemmed 
C. mopane  Trees between Plot 1 and Plot 8
Plot 1 2 16 11 1 0
Plot 8 8 32 10 0 0
0-1m 1.01-2m 2.01-3m 3.01-4m
More 
Than 4m
 
 
There were 50 multistemmed C. mopane trees on plot 8 of which 8 
trees fell in class 1, 32 trees in class 2 and 10 trees in class 3. The 
mean height in 1999 was 1,658m. 
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5.4.8.4 CONTROL IN COMPARISON WITH PLOT 8 (TRIENNIAL BURNING 
IN FEBRUARY) 
 
5.4.8.4.1 A comparison of all singlestemmed trees in 1957 between 
plots 1 and 8; and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 8. 
 
When the control plot and the triennial burning plot 8 (Feb B3) are 
compared to each other, it is evident that in 1957 there was a 
significant difference in the number of singlestemmed trees (p-value 
= 0,023; TS = -2,270).  Since the test statistic value was calculated 
using the proportion of singlestemmed trees on plot 1 minus the 
proportion of singlestemmed trees on plot 8, the negative value 
suggests that plot 1 had significantly less singlestemmed trees than 
plot 8. 
 
When the same two plots are compared with each other in 1999, it 
is evident that there is a significant difference in the number of 
singlestemmed trees (p-value = 0,000 < 0,01; TS = 4,710).  Since 
the test statistic value was calculated using the proportion of 
singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 8, the positive value suggests that plot 
1 had significantly more singlestemmed trees than plot 8. 
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5.4.8.4.2 Plot 1 and plot 8 in 1999 compared with one another 
 
For singlestemmed mopane trees it was found that there were 
significant differences between the diameters of these trees for plot 
1 and plot 8 (p-value = 0,0001 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was no significant difference between the heights of these 
singlestemmed mopane trees (p-value = 0,052 > 0,05) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
For multistemmed mopane trees it was found that there were no 
significant difference between the diameters of these multistemmed 
trees for plot 1 and plot 8 (p-value = 0,9076 > 0,05) based on the 
Satterthwaite approximation to the Behrens-Fisher problem for a 2 
sample t-test with unequal variances. 
 
There was also no significant difference in the heights of these 
multistemmed C. mopane trees (p-value = 0,1139 > 0,05) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
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5.4.8.5 SUMMARY – TRIENNIAL BURNING IN FEBRUARY 
 
The triennial burning in February appears to have led to the decrease 
in multistemmed species.  The number of singlestemmed species 
basically remained the same. 
 
The number of singlestemmed C. mopane trees decreased significantly 
in comparison to the control plot.  There was also a significant 
reduction in the diameter of singlestemmed C. mopane trees (diameter 
of plot 1 = 61,800 mm vs. the mean diameter of plot 8 = 37,77 mm).  
The thickness of the trees therefore almost reduced by half.  When 
comparing the height of the singlestemmed C. mopane trees, it is 
noticed that the height of the trees also appears to have diminished in 
comparison with the control plot but not significantly (mean height of 
trees on plot 1 = 2,190 m vs. mean height of trees on plot 8 = 1,829 m).  
The singlestemmed C. mopane trees thus became significantly fewer 
and significantly thinner. 
 
The number of multistemmed C. mopane trees, however appears to 
have decreased when compared to the control plot.  The multistemmed 
trees also appear to have increased in thickness diameter compared to  
plot 1 but not significantly (mean diameter of plot 1 = 12,866 mm vs. 
mean diameter of plot 8 = 13,040 mm).  The multistemmed C. mopane 
trees also appear to have decreased in height, when compared to the 
control plot but not significantly (mean height of plot 1 = 1,903 m vs. 
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mean height of plot 8 = 1,658 m).  The multistemmed trees therefore 
appear to have decreased in number.  
 
5.4.9 TRIENNIAL BURNING PLOT 12 – APRIL B3 
 
5.4.9.1 SPECIES COMPOSITION 
 
Figure 5.39 show that the most prominent species were C. mopane 
and C. africana.  C. mopane was the most prominent species in both 
1957 and 1999.  The numbers of C. mopane trees have more than 
tripled from 1957 to 1999 for multistemmed trees. 
 
Figure 5.39: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
Between 1957 and 1999 for Plot 12 
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The number of species encountered as single- and multistemmed trees 
on plot 12, changed as follows from 1957 to 1999 (Table 5.10). 
 
Table 5.10:Species Numbers in 1957 and 1999 for Plot 12 
  1957 1999 
Singlestemmed species 4 1 
Multistemmed species 13 7 
 
From Table 5.10 it is clear that both the number of singlestemmed 
species and the number of multistemmed species decreased from 
1957 to 1999. 
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5.4.9.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.40: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane 
Trees between 1957and 1999: Plot 12 
 
 
By considering Figure 5.40 one can see that from 1957 tot 1999 the 
singlestemmed trees in classes 1,3 and 5 increased from 1 to 2, 4 to 5 
and 0 to 1 respectively. Trees in class 2 however decreased from 3 
trees in 1957 to 0 trees in 1999. There were no trees in class 4 for this 
period. The mean diameter in 1999 was 88,750mm. 
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Figure 5.41: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 12 
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According to Figure 5.41 the number of multistemmed trees in class 1 
increased from 77 in 1957 to 169 in 1999. In class 2 the tree numbers 
also increased from 4 trees in 1957 to 9 trees in 1999. Tree numbers in 
class 3 remained constant with 0 trees in 1957 and 1999. The mean 
diameter in 1999 was 16,696cm. 
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5.4.9.3 HEIGHT 
 
Figure 5.42: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 12 
0
10
20
30
40
50
60
70
Frequency
Graphical Height Comparison Between Number of 
Singlestemmed C. mopane Trees between Plot 1 and Plot 12
Plot 1 6 61 64 9 1
Plot 12 3 2 2 0 1
0-1m 1.01-2m 2.01-3m 3.01-4m
More 
Than 4m
 
 
From Figure 5.42 one can see that there were 8 singlestemmed trees 
in plot 12 of which 3 fell into class 1, 2 into class 2 and 1 into class 5. 
The mean height in 1999 was 1,787m. 
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Figure 5.43: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
Between Plot 1 and Plot 12 
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Figure 5.43 indicates that there was 178 trees on plot 2. The majority of 
the trees (113) fell into the class 2 category. There were 55 trees in 
class 1 and 7 trees in class 3. There were also 3 trees in class 4. The 
mean height in 1999 was 1,319m. 
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5.4.9.4 CONTROL PLOT IN COMPARISON WITH PLOT 12 (TRIENNIAL 
APR B2) 
 
5.4.9.4.1 A Comparison of all singlestemmed trees in 1957 between 
Plots 1 and 12; and a comparison of all singlestemmed trees in 
1999 between Plots 1 and 12 
 
When comparing the control plot and the triennial burning plot (Apr 
B2) with each other in 1957, one notices a significant difference in 
the number of singlestemmed trees, (p-value = 0,0222 < 0,05, TS = 
- 2,286).  Since the test statistic value was calculated using the 
proportion of singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 12, the negative value suggests that 
plot 1 had significantly less singlestemmed trees than plot 12.  
 
When comparing the same two plots in 1999, one notices a 
significant difference in the number of singlestemmed trees,            
(p-value = 0,000 < 0,01 TS = 14,980).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 12, the 
positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 12.  
 
5.4.9.4.2 Plot 1 and plot 12 in 1999 compared with one another 
 
For singlestemmed mopane trees it was found that there was no 
significant difference between the diameters of those trees for plot 1 
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and plot 12 (p-value = 0,3406 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-tests 
with unequal variances. 
 
There was also no significant difference between the heights of 
these singlestemmed mopane trees (p-value = 0,235 > 0,05) based 
on the pooled variance approximation for a 2 sample t-test with 
equal variances. 
 
For multistemmed mopane trees it was found that there were 
significant differences between the diameters of these trees for plot 
1 and plot 12 (p-value = 0,0006) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was also a significant difference between the heights of these 
multistemmed mopane trees (p-value = 0,0001 < 0,01) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
5.4.9.5 SUMMARY – TRIENNIAL BURNING IN APRIL 
 
The triennial burning in April appears to have led to the decrease in the 
number of single- and multistemmed species. 
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The singlestemmed trees reduced significantly in number when 
compared with the control plot.  The diameters, however appears to 
have increased but not significantly (plot 1 mean diameter = 61,800 
mm vs. plot 12 mean diameter = 88,750 mm).  Singlestemmed trees 
appear to become shorter when compared with the control but not 
significantly (plot 1 mean height = 2,190 m vs. plot 12 mean height = 
1,787 m).  Singlestemmed trees therefore became significantly fewer.   
 
The number of multistemmed trees appears to have increased.  The 
multistemmed trees also became significantly thicker in diameter, when 
compared to plot 1 (mean diameter = 12,866 and plot 12 mean 
diameter = 16,696).  The multistemmed trees also became significantly 
shorter when compared with plot 1, the control (plot 1 mean height = 
1,903 m vs. plot 12 mean height = 1,319 m).  The multistemmed trees, 
therefore, appears to have increased in number, became significantly 
thicker in diameter, and became significantly shorter when compared 
with the control.   
 
5.4.10 TRIENNIAL BURNING PLOT 11 – AUG B3 
 
5.4.10.1 SPECIES COMPOSITION 
 
Figure 5.44 show that the most prominent species are C. mopane, C. 
africana and E. oblusifolia. 
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Figure 5.44: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 11 
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The number of species encountered as single- and multistemmed trees 
on plot 11, changed as follows from 1957 to 1999 (Table 5.11). 
 
Table 5.11: Species Numbers in 1957 and 1999 for Plot 11 
  1957 1999 
Singlestemmed species 6 2 
Multistemmed species 16 8 
 
From Table 5.11 it is clear that the number of singlestemmed and 
multistemmed species declined from 1957 to 1999. 
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5.4.10.2 NUMBER OF TREES AND DIAMETERS 
 
Figure 5.45: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 11 
 
 
By considering Figure 5.45 one can see that from 1957 to 1999 the 
singlestemmed trees in classes 1 to 3 increased from 0 trees to 2 
trees, 1 tree to 7 trees and 2 trees to 9 trees respectively. From 1957 to 
1999 the trees in classes 4 and 5 decreased from 4 trees to 2 trees in 
both classes. The mean diameter in 1999 was 79,540mm. 
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Figure 5.46: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 11 
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Figure 5.46 depicts that there was 70 multistemmed trees on plot 11. 
The majority of the trees (43) were classified in class 2. There were 9 
trees in class 1 and 5 trees in class 4. In class 5 there were 2 trees. 
The mean diameter in 1999 was 18,241cm. 
 
 165
5.4.10.3 HEIGHT 
 
Figure 5.47: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 11 
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Figure 5.47 indicates that there was 22 singlestemmed trees on plot 
11. The majority of the trees (14) were classified as class 2. There 
were 2 trees in class 1, 3 trees in class 3 and 2 trees in class 4. There 
was also 1 tree in class 5. The mean height in 1999 was 1,963m. 
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Figure 5.48: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 11 
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Figure 5.48 shows that there were 70 multistemmed trees on plot 11. 
The majority of the trees (43) were classified as class 2. There were 9 
trees in class 1 and 5 trees in class 4. In class 5 there were 2 trees. 
The mean height in 1999 was 1,823m. 
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5.4.10.4 CONTROL IN COMPARISON WITH PLOT 11 (TRIENNIAL BURNING 
AUG B3) 
 
5.4.10.4.1 A Comparison of all singlestemmed trees in 1957 between plot 
1 and plot 11; and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 11 
 
When comparing plot 1 with plot 11 in 1957, a significant difference 
in the number of singlestemmed trees is observable (p-value = 
0,028 < 0,05, TS = -2,189).  Since the test statistic value was 
calculated using the proportion of singlestemmed trees on plot 1, 
minus the proportion of singlestemmed trees on plot 11, the 
negative value suggests that plot 1 had significantly less 
singlestemmed trees than plot 11. 
 
When comparing the same two plots in 1999, one notices a 
significant difference in the number of singlestemmed trees (p-value 
= 0,000 < 0,01, TS = 10,349).  Since the test statistic value was 
calculated using the proportion of singlestemmed trees on plot 1, 
minus the proportion of singlestemmed trees on plot 11, the positive 
value suggests that plot 1 had significantly more singlestemmed 
trees than plot 11. 
 
5.4.10.4.2 Plot 1 and plot 11 in 1999 compared with one another 
 
For singlestemmed C. mopane trees it was found that there was no 
significant differences between the diameters of these trees for plot 
 168
1 and plot 11 (p-value = 0,1376 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was also no significant difference between the heights of 
these singlestemmed mopane trees (p-value = 0,2831 > 0,05) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
 
For multistemmed C. mopane trees it was found that there was a 
significant difference between the diameters of these trees for plot 1 
and plot 11 (p-value = 0,0004 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was, however, no significant difference between the heights 
of these multistemmed mopane trees (p-value = 0,6411 > 0,05) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
 
5.4.10.5 SUMMARY – TRIENNIAL BURNING IN AUGUST 
 
The triennial burning in August appears to have resulted in a reduction 
in the number of single- and multistemmed species.  The 
singlestemmed trees became significantly less in comparison with the 
control plot.  The diameter of the singlestemmed trees, however 
 169
appears to have increased but not significantly (plot 1 mean diameter = 
61,800 mm vs. plot 11 mean diameter = 79,540 mm).   
 
The singlestemmed C. mopane trees additionally appear to be shorter 
in comparison with the control but not significantly (plot 1 mean height 
= 2,190 m vs. plot 11 mean height = 1,963 m).  The singlestemmed 
trees, therefore, became significantly less when compared with the 
control.   
 
The multistemmed trees appear to have increased in number in 
comparison with the control.  The diameter of the trees also increased 
significantly in comparison with the control (plot 1 multistemmed mean 
diameter = 12,866 cm vs. plot 11 multistemmed mean diameter = 
18,214 cm).  The multistemmed trees also appear to be shorter but not 
significantly (plot 1 mean height = 1,903 m vs. plot 11 mean height = 
1,823 m).  The multistemmed trees therefore appear to have increased 
in number and increased significantly in diameter.  Many 
singlestemmed trees burn away, and coppice again to form 
multistemmed trees.  It appears as if singlestemmed trees coppice in 
order to form multistemmed trees. 
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5.4.11 TRIENNIAL BURNING PLOT 9 – OCT B3 
 
5.4.11.1 SPECIES COMPOSITION 
 
Figure 5.49 show that the most prominent species are C. mopane, C. 
africana and E. oblusifolia. C. mopane was the most prominent species 
in both 1957 and 1999. C. mopane had particularly more multistemmed 
trees in 1957. 
 
Figure 5.49: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 9 
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The number of species encountered as single- and multistemmed trees 
on plot 9 varied as follows from 1957 to 1999 (Table 5.12). 
 
Table 5.12: Species Numbers in 1957 and 1999 for Plot 9 
  1957 1999 
Singlestemmed species 3 5 
Multistemmed species 15 5 
 
From Table 5.12 it is clear that the number of singlestemmed species 
increased while the number of multistemmed species decreased 
considerably. 
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5.4.11.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.50: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 9 
 
 
By considering Figure 5.50 one can see that from 1957 to 1999 the 
number of singlestemmed trees in classes 1 to 3 increased from 0 
trees to 25 trees, 0 trees to 105 trees and 0 trees to 23 trees 
respectively. During this period there were no trees in class 4. From 
1957 to 1999 the trees in class 5 decreased from 2 trees to 1 tree.  The 
mean diameter in 1999 was 50,160mm. 
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Figure 5.51: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 9 
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According to Figure 5.51 the number of multistemmed trees in class 1 
increased from 91 trees in 1957 to 122 trees in 1999. In class 2 tree 
numbers decreased from 91 trees in 1957 to only 2 trees in 1999. Tree 
numbers in class 3 also decreased from 18 trees in 1957 to 0 trees in 
1999. The mean diameter in 1999 was 13,733 cm. 
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5.4.11.3 HEIGHT 
 
Figure 5.52: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 9 
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From Figure 5.52 one can see that there were 154 singlestemmed 
trees on plot 9 of which the greater majority (97) fell in class 2. In class 
3 there were 47 trees and in class 4 only 3 trees. The mean height in 
1999 was 1,873 m. 
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Figure 5.53: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 9 
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Figure 5.53 depicts that there was 124 multistemmed trees on plot 9. 
The majority of the trees (89) were classified as class 2 followed by 27 
trees in class 3. In class 1 there were only 7 trees and in class 4 only 1 
tree. The mean height in 1999 was 1,709 m. 
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5.4.11.4 CONTROL IN COMPARISON WITH PLOT 9 (TRIENNIAL BURNING 
IN OCTOBER) 
 
5.4.11.4.1 A Comparison of all singlestemmed trees in 1957 between plot 
1 and plot 9; and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 9 
 
When comparing the control plot to the triennially burning plot 9 in 
1957, no significant difference in the number of singlestemmed 
trees is observed (p-value = 0,640 > 0,05, TS = -0,467).  Since the 
test statistic value was calculated using the proportion of 
singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 9, the negative value suggests that 
plot 1 had significantly less singlestemmed trees than plot 9. 
 
If we however compare the same two plots in 1999, a significant 
difference in the number of singlestemmed trees is observed (p-
value = 0,0000 < 0,01, TS = 5,364).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 7, the 
positive value suggests that plot 1 had significantly more 
singlestemmed trees than plot 9. 
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5.4.11.4.2 Plot 1 and plot 9 in 1999 compared with one another 
 
For singlestemmed mopane trees it was found that there was a 
significant difference between the diameters of these trees for plot 1 
and plot 9 (p-value = 0,0002 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was also significant difference between the heights of these 
singlestemmed mopane trees (p-value = 0,0003 < 0,01) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
For the multistemmed mopane trees it was found that there was no 
significant difference between the diameters of these trees on plot 1 
and plot 9 (p-value = 0,406 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances.   
 
There was however a significant difference between the heights of 
these multistemmed mopane trees (p-value = 0,049 < 0,05) based 
on the pooled variance approximation for a 2 sample t-test with 
equal variances. 
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5.4.11.5 SUMMARY – TRIENNIAL BURNING IN OCT 
 
The triennial burning appears to result in an increase in the number of 
singlestemmed species, and a drastic reduction in the number of 
multistemmed species.  The singlestemmed species became more in 
comparison with the control plot.  The diameter of the singlestemmed 
trees, however significantly decreased (plot 1 mean diameter = 61,800 
vs. plot 9 mean diameter = 50,160).  Singlestemmed trees 
consequently became significantly thinner, or could be considered as 
young trees.   
 
The height of the singlestemmed C. mopane trees also significantly 
decreased (plot 1 mean height was 2,190 m, while plot 9 mean height 
was 1,873 m).  The singlestemmed trees, therefore significantly 
increased in number, but the diameter and the height of the trees 
decreased significantly.  
 
The multistemmed trees also appear to have increased in number 
compared with the control plot.  The diameter of the multistemmed 
trees appears to have increased, but not significantly (plot 1 mean 
diameter = 12,866000cm vs. plot 9 mean diameter = 13,733 cm).  The 
height of the C. mopane trees significantly decreased when compared 
with the control plot (plot 1 mean height = 1,903 m vs. plot 9 mean 
height = 1,709 m).  The multistemmed trees, therefore appears to have 
increased in number and became significantly shorter. 
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5.4.12 TRIENNIAL BURNING PLOT 10 – DEC B3 
 
5.4.12.1 SPECIES COMPOSITION 
 
Figure 5.54 show that the most prominent species are C. mopane, D. 
cinerea, and C. africana.  C. mopane was the most prominent species 
in both 1957 and 1999. 
 
Figure 5.54: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between 1957 and 1999 for Plot 10 
0
20
40
60
80
100
120
140
160
Frequency
Graphical Comparison of Number of Multistemmed Trees  
from Selected Species Between 1957 and 1999 for Plot 10
1957 86 9 2 29 9 157
1999 102 15 1 3 1 9
C. Mopane D. Cinerea
A. 
Nigrescens
C. Africana
E. 
Oblusifolia
Other
 
The number of species encountered as singlestemmed and 
multistemmed trees on plot 10 varied as follows from 1957 to 1999 
(Table 5.13). 
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Table 5.13: Species Numbers in 1957 and 1999 for Plot 10 
  1957 1999 
Singlestemmed species 3 5 
Multistemmed species 12 7 
 
From Table 5.13 it is clear that the number of singlestemmed species 
increased while the number of multistemmed species decreased from 
1957 to 1999. 
 
5.4.12.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.55: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees 
between 1957 and 1999: Plot 10 
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By considering Figure 5.55 one can see that from 1957 to 1999 the 
number of singlestemmed trees in classes 1 to 3 increased from 0 
trees to 29 trees, 2 trees to 54 trees and 0 trees to 29 trees 
respectively. There was only 1 tree in class 4 for this period. The trees 
in class 5 decreased from 1 tree in 1957 to no trees in 1999.  The 
mean diameter in 1999 was 48,360 mm. 
 
Figure 5.56: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees 
between 1957 and 1999: Plot 10 
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According to Figure 5.56 the number of multistemmed trees in class 1 
increased from 24 trees in 1957 to 98 trees in 1999. In class 2, tree 
numbers decreased from 50 trees in 1957 to 4 trees in 1999. The 
 182
number of trees in class 3 also decreased from 12 trees in 1957 to 0 
trees in 1999. The mean diameter in 1999 was 14,941 cm. 
 
5.4.12.3 HEIGHT 
 
Figure 5.57: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 10 
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From Figure 5.57 one can see that there was 113 singlestemmed trees 
on plot 10. The majority of the trees (70) were classified as class 2. 
There were 12 trees in class 1 and 25 trees in class 3. There were also 
6 trees in class 4. The mean height in 1999 was 1,787m. 
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Figure 5.58: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 10 
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Figure 5.58 indicates that there was 102 multistemmed trees on plot 
10. The majority of the trees (74) were classified as class 2. There 
were 9 trees in class 1 and 16 trees in class 3. There were 2 trees in 
class 4 and 1 tree in class 5. The mean height in 1999 was 1,686 m. 
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5.4.12.4 CONTROL IN COMPARISON WITH PLOT 10 (TRIENNIAL DEC.) 
 
5.4.12.4.1 A Comparison of all singlestemmed trees in 1957 between plot 
1 and plot 10: and a comparison of all singlestemmed trees in 
1999 between plot 1 and plot 10 
 
When comparing the control plot and plot 10 with each other in 
1957, no significant difference in the number of singlestemmed 
trees can be observed (p-value = 0,363 > 0,05, PS = -0,909).  Since 
the test statistic value was calculated using the proportion of 
singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 10, the negative value suggests that 
plot 1 had less singlestemmed trees than plot 10 although this 
difference was not significant. 
 
When the same two plots are compared in 1999, a significant 
difference in the number of singlestemmed trees can be observed 
(p-value = 0,000 < 0,01, TS = 6,363).  Since the test statistic value 
was calculated using the proportion of singlestemmed trees on plot 
1 minus the proportion of singlestemmed trees on plot 10, the 
positive value suggest that plot 1 had significantly more 
singlestemmed trees than plot 10. 
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5.4.12.4.2  Plot 1 and plot 10 in 1999 compared with one another 
 
For singlestemmed mopane trees it was found that there was a 
significant difference between the diameters of these trees for plot 1 
and plot 10 (p-value = 0,0003 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was also significant difference between the heights of these 
singlestemmed mopane trees (p-value = 0,0001 < 0,01) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
For the multistemmed trees it was found that there was no 
significant difference between the diameters for these 
multistemmed trees for plot 1 and plot 10 (p-value = 0,0794 > 0,05) 
based on the Satterthwaite approximation to the Behrens-Fisher 
problem for a 2 sample t-tests with unequal variances. 
 
There was also no significant difference between the heights of 
these multistemmed mopane trees (p-value = 0,0576 > 0,05) based 
on the pooled variance approximation for a 2 sample t-test with 
equal variances. 
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5.4.12.5 SUMMARY – TRIENNIAL BURNING IN DEC. 
 
The triennial burning in December appears to have a positive influence 
on the increase of the number of singlestemmed species.  The number 
of multistemmed species, however, appears to have decreased with a 
triennial burning treatment. 
 
The singlestemmed C. mopane trees reduced significantly in number 
when compared with the control plot.  The mean diameter of the 
singlestemmed C. mopane trees also became significantly thinner (plot 
1 mean diameter = 61,800 mm vs. plot 10 mean diameter = 48,360 
mm).   
 
The height of the singlestemmed trees also decreased significantly 
when compared with the control plot (plot 1 mean height = 2,190000 m 
vs. plot 10 mean height = 1,7876 m).  The singlestemmed C. mopane 
trees, therefore, are significantly less, thinner and shorter. 
 
The multistemmed C. mopane trees appear to have increased in 
number when compared with the control plot.  The multistemmed C. 
mopane trees also appear to have increased in average diameter but 
not significantly (plot 1 multistemmed mean diameter = 12,86600 cm 
vs. plot 10 multistemmed mean diameter = 14,941000 cm). 
 
The height of the multistemmed trees appears to have decreased when 
compared with the control plot but not significantly (plot 1 mean height 
 187
= 1,903 m vs. plot 10 mean height = 1,686 m).  The number of 
multistemmed trees, therefore appear to have increased in comparison 
with the control plot. 
 
5.4.13 QUADRENNIAL BURNING TREATMENT IN OCT–PLOT 13 
 
5.4.13.1 SPECIES COMPOSITION 
 
By considering Figure 5.59 one can see that the most prominent 
species were C. mopane and E. oblusifolia.  C. mopane was the most 
prominent species in both 1957 and 1999. 
 
Figure 5.59: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between Plot 4, 1957 and Plot 13, 1999 
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The number of species encountered as singlestemmed and 
multistemmed trees on plot 13, changed as follows from 1957 to 1999 
(Table 5.14). 
 
Table 5.14: Species Number in 1957 and 1999 for Plot 13 
  1957 1999 
Singlestemmed species 3 2 
Multistemmed species 10 4 
 
From Table 5.14 it is clear that the number of singlestemmed species 
stayed constant while the number of multistemmed species decreased 
from 1957 to 1999. 
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5.4.13.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.60: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees: 
Plot 4, 1957 and Plot 13, 1999 
 
 
By considering Figure 5.60 one can see that from 1957 to 1999 the 
singlestemmed trees in classes 1 to 3 increased from 0 to 40, 0 to 20 
and 0 to 4 trees respectively. Trees in class 4 decreased from 4 trees 
to 0 trees during this period. There were no trees in class 5 in neither 
1957 nor 1999.  The mean diameter in 1999 was 29,370 mm. 
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Figure 5.61: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees: 
Plot 4, 1957 and Plot 13, 1999 
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According to Figure 5.61 the number of multistemmed trees in class 1 
increased from 19 trees in 1957 to 108 trees in 1999.  In classes 2 and 
3 tree numbers decreased from 39 trees in 1957 to 2 trees in 1999 and 
from 22 trees in 1957 to 0 trees in 1999 respectively. The mean 
diameter in 1999 was 16,109cm. 
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5.4.13.3 HEIGHT 
 
Figure 5.62: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 13 
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From Figure 5.62 one can see that there was 64 singlestemmed trees 
on plot 13. The majority of the trees (56) were classified in class 2. 
There were 4 trees in both class 1 and class 3.  The mean height in 
1999 was 1,584 m. 
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Figure 5.63: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 13 
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By considering Figure 5.63 one can see that there was 110 
multistemmed trees on plot 13. The majority of the trees (80) fell in the 
class 2 category. There were 16 trees in class 1 and 14 trees in class 
3.  The mean height in 1999 was 1,609 m. 
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5.4.13.4 CONTROL PLOT IN COMPARISON WITH PLOT 13 (QUADRENNIAL 
BURNING) 
 
5.4.13.4.1 A Comparison of all singlestemmed trees in 1999 between Plot 
1 and Plot 13 
 
When the control plot is compared with the quadrennial burning plot 
(plot 13) in 1999, one notices that there is a significant difference in 
the number of singlestemmed trees (p-value = 0,000 < 0,01, TS = 
7,3195).  Since the test statistic value was calculated using the 
proportion of singlestemmed trees on plot 1 minus the proportion of 
singlestemmed trees on plot 13, the positive value suggests that 
plot 1 had more singlestemmed mopane trees than plot 13. 
 
5.4.13.4.2 Plot 1 and Plot 13 compared with one another 
 
For singlestemmed mopane trees it was found that there was a 
significant difference between the diameters of these trees for plot 1 
and plot 13 (p-value = 0,0001 < 0,01) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There were also significant differences between the heights of 
these singlestemmed mopane trees (p-value = 0,0003 < 0,01) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
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For multistemmed mopane trees it was found that there was 
significant differences between the diameters of these 
multistemmed trees for plot 1 and plot 13 (p-value = 0,0101 < 0,05) 
based on the Satterthwaite approximation to the Behrens-Fisher 
problem for a 2 sample t-test with unequal variances. 
 
There was also a significant difference between the heights of these 
multistemmed C. mopane trees (p-value = 0,0087 < 0,05) based on 
the pooled variance approximation for a 2 sample t-test with equal 
variances. 
 
5.4.13.5 SUMMARY – QUADRENNIAL BURNING (PLOT 13 OCTOBER) 
 
The quadrennial burning appears to have a negative influence on 
species composition since the number of single- and multistemmed 
species decreased from 1957 to 1999.  The singlestemmed trees 
became significantly less in comparison with the control plot.  The stem 
diameter of singlestemmed trees significantly decreased when 
compared with the control plot (plot 1 mean diameter = 61,800 mm vs. 
plot 13 mean diameter = 29,370 mm).  The height also significantly 
decreased when compared with plot 1, the control (plot 1 mean height 
= 2,190 m vs. plot 13 mean height = 1,584 m).  The singlestemmed 
trees, therefore, became significantly less, smaller and shorter. 
 
The multistemmed trees appear to have increased in number when 
compared with the control.  In comparison with plot 1 the stem 
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diameter significantly increased (plot 1 mean diameter = 12,866 cm vs. 
plot 13 mean diameter = 16,109 cm).  The height of the trees 
significantly decreased compared with the control (plot 1 mean height = 
1,903 m vs. plot 13 mean height = 1,609 m).  The multistemmed trees 
thus appears to have increased in number and became significantly 
thicker and shorter. 
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5.4.14 SEXENNIAL BURNING TREATMENT IN OCT – PLOT 14 
 
5.4.14.1 SPECIES COMPOSITION 
 
By considering Figure 5.64 it is evident that the most prominent 
species in both 1957 and 1999 was C. mopane.  
 
Figure 5.64: Graphical Comparison of Number of 
Multistemmed Trees from Selected Species 
between Plot 8, 1957 and Plot 14, 1999 
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The number of species encountered as single- and multistemmed trees 
on plot 14, changed as follows from 1957 to 1999 (Table 5.15). 
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Table 5.15: Species Numbers in 1957 and 1999 for Plot 14 
  1957 1999 
Singlestemmed species 4 1 
Multistemmed species 11 5 
 
From Table 5.15 it is clear that the number of singlestemmed species 
decreased from 1957 to 1999 while the number of multistemmed 
species increased. 
 
5.4.14.2 NUMBER OF TREES AND DIAMETER 
 
Figure 5.65: Graphical Diameter Comparison Between 
Number of Singlestemmed C. mopane Trees: 
Plot 8, 1957 and Plot 14, 1999 
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By considering Figure 5.65 one can see that from 1957 to 1999 the 
singlestemmed trees in classes 1 to 3 increased from 0 to 10, 5 to 34 
and 0 to 48 trees respectively. There were no trees in class 4 in 
both1957 and 1999. From 1957 to 1999 trees in class 5 decreased 
from 2 trees to 0 trees.  The mean diameter in 1999 was 68,470 mm. 
 
Figure 5.66: Graphical Diameter Comparison Between 
Number of Multistemmed C. mopane Trees: 
Plot 8, 1957 and Plot 14, 1999 
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Figure 5.66 indicates that the number of multistemmed trees in class 1 
increased from 13 trees in 1957 to 40 trees in 1999.  In class 2, tree 
numbers decreased from 59 trees in 1957 to 0 trees in 1999. Tree 
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numbers in class 3 also decreased from 20 trees in 1957 to 0 trees in 
1999.  The mean diameter in 1999 was 14,0 cm. 
 
5.4.14.3 HEIGHT 
 
Figure 5.67: Graphical Height Comparison Between 
Number of Singlestemmed C. mopane Trees 
between Plot 1 and Plot 14 
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From Figure 5.67 one can see that there was 92 singlestemmed trees 
on plot 14. The majority of the trees (30) were classified as class 2. 
There were 50 trees in class 3 while class 1 had 4 trees and class 4 
had 8 trees.  The mean height in 1999 was 2,292 m. 
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Figure 5.68: Graphical Height Comparison Between 
Number of Multistemmed C. mopane Trees 
between Plot 1 and Plot 14 
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By considering Figure 5.68 one can see that there was 40 
multistemmed trees on plot 14. There were also 14 trees in class 1, 12 
trees in class 2 and 14 trees in class 3.  The mean height in 1999 was 
1,695 m. 
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5.4.14.4 CONTROL IN COMPARISON WITH PLOT 14 (SEXENNIAL 
BURNING) 
 
5.4.14.4.1 A comparison of all singlestemmed trees in 1999 between plot 
1 and plot 14 
 
When the control plot and plot 14 are compared with one another in 
1999 one notices that there is no significant difference in the 
number of singlestemmed trees that are encountered (p-value = 
0,0509 > 0,05, TS = 1,951).  Since the test statistic value was 
calculated using the proportion of singlestemmed trees on plot 1 
minus the proportion of singlestemmed trees on plot 14, the positive 
value suggests that plot 1 had more singlestemmed trees than plot 
14 although this difference was not significant. 
 
5.4.14.4.2 Plot 1 and Plot 14 compared with one another 
 
For singlestemmed C. mopane trees it was found that there was no 
significant difference between the diameters of these trees for plot 1 
and plot 14 (p-value = 0,1494 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with equal variances. 
 
There was also no significant difference between the heights of 
these singlestemmed mopane trees (p-value = 0,4861 > 0,05) 
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based on the pooled variance approximation for a 2 sample t-test 
with equal variances.   
 
For multistemmed C. mopane trees it was found that there was no 
significant difference between the diameters of these trees for plot 1 
and plot 14 (p-value = 0,4380 > 0,05) based on the Satterthwaite 
approximation to the Behrens-Fisher problem for a 2 sample t-test 
with unequal variances. 
 
There was also no significant difference between the heights of 
these multistemmed C. mopane trees (p-value = 0,2513 > 0,05) 
based on the pooled variance approximation for a 2 sample t-test 
with equal variances. 
 
5.4.14.5 SUMMARY (SEXENNIAL BURNING – PLOT 14 OCT) 
 
The sexennial burning appears to have led to a species reduction, 
since the number of singlestemmed and multistemmed species 
decreased in numbers from 1957 to 1999.  The singlestemmed trees 
appear to have decreased in number when compared with the control 
plot but not significantly.  The stems of the singlestemmed trees appear 
to have grown thicker in diameter when compared with plot 1 but not 
significantly (plot 1 mean diameter = 61,800 mm vs. plot 14 mean 
diameter = 68,470 mm).  The singlestemmed trees therefore appear to 
have decreased in number.  
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The multistemmed trees also appear to have decreased in number 
when compared with the control plot.  The multistemmed trees appear 
to have grown wider in diameter compared with the control plot but not 
significantly (plot 1 mean diameter = 12,866 cm vs. plot 14 mean 
diameter = 14,000 cm). 
 
The height of the trees appears to have decreased when compared 
with the control plot but not significantly (plot 1 mean height = 1,903 m 
vs. plot 14 mean height = 1,695 m).  The multistemmed trees thus 
appear to be less. 
 
5.5 CHAPTER SUMMARY 
 
It is a well-known fact and it is generally accepted that veld endures 
natural changes over a period of years.  Plot 1, the control, experienced 
these changes from 1957 to 1999 specifically in the C. mopane veld, and 
these changes will subsequently be discussed.   
 
From 1957 to 1999 the singlestemmed species increased in number from 
1 to 5, and the multistemmed species decreased in number from 11 to 6 
species.  It is, therefore, a natural occurrence that the exclusion of fire 
leads to an increase in singlestemmed species.  From the total of 127 
trees, which were measured in 1957 on the transect, only one tree was 
singlestemmed.  From the total of 192 trees measured on the transect in 
1999, 149 trees were singlestemmed.  Since none of the C. mopane 
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trees was encountered on the transects in 1957, one can accept that the 
stem diameter also increased significantly with the singlestemmed trees 
in classes 1 to 4. 
 
The mean diameter of the multistemmed C. mopane trees, however, 
decreased.  The diameter of the C. mopane trees, therefore, became 
thinner.  Height was, however, not measured in 1957.  The researcher 
measured the height of the control in 1999 and compared the rest of the 
plots with the control, since it was accepted that the height of the trees on 
the control plot would represent the natural height of the C. mopane veld 
type. 
 
Table 5.16 is a summary of all 14 plots and includes data on the 
following: 
· Plot numbers 
· Fire Frequencies 
· Fire Seasons 
· Mean diameters 
· Mean heights 
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Table 5.16: Summary of C. mopane's Numbers, Diameters and 
Heights 
PLOT TREATMENT NUMBER MEAN DIAMETER MEAN HEIGHT TOTAL 
  SINGLE MULTI SINGLE (mm) MULTI(cm) SINGLE (m) MULTI(m) TREES 
                  
1 CONTROL 141 30 61.800 12.866 2.190 1.903 171 
         
 ANNUAL        
7 AUG. 14 314 23.570 13.525 1.385 1.161 382 
         
 BIENNIAL        
4 FEB. 12 76 55.000 14.631 1.816 1.292  
6 APR. 58 245 56.630 13.597 1.822 1.370  
5 AUG. 6 243 18.333 14.969 1.066 1.204  
3 OCT. 37 151 40.000 14.470 1.840 1.306  
2 DEC. 67 188 67.010 12.644 2.229 1.328  
 TOTAL 180 903      
 AVERAGE 36 181 47.395 14.062 1.755 1.300 217 
         
 TRIENNIAL        
8 FEB. 54 50 37.777 13.040 1.829 1.658  
12 APR. 8 178 88.750 16.696 1.787 1.319  
11 AUG. 22 70 79.540 18.214 1.963 1.823  
9 OCT. 154 124 50.160 13.733 1.873 1.709  
10 DEC. 113 102 48.360 14.941 1.787 1.686  
 TOTAL 351 524      
 AVERAGE 70 105 60.917 15.325 1.848 1.639 175 
         
 QOADRENNIAL        
13 OCT. 64 110 29.370 16.109 1.584 1.609 174 
         
 SEXENNIAL        
14 OCT. 92 40 68.470 14.000 2.292 1.695 132 
         
 
 206
Table 5.16 will now be discussed in terms of fire frequency and season in 
comparison with the control plot. 
 
The number of singlestemmed trees increased as the frequency of fire 
decreased from Annual to Triennial.  The numbers in the Quadrennial 
and Sexennial frequencies decreased, but could have been due to the 
early biennial burn on plot 4, and the triennial burn on plot 8 in 1957 up to 
1984 (plot 4 was divided in 1984 to form plot 4 and plot 13 while plot 8 
was divided in 1984 to form plot 8 and plot 14). 
 
The number of singlestemmed trees, therefore, increases as the fire 
frequencies decrease.  The diameter and height of the singlestemmed 
trees also increased with the decrease in fire frequency.  The quadrennial 
burning, however, stands in contrast to this statement, possibly since plot 
4 (biennial burning) was divided in 1984 to form plot 4 and the 
quadrennial burning plot 13. 
 
The number of multistemmed C. mopane trees decreased as the fire 
frequencies decreased, while the stem diameter also increased with the 
decrease in the fire frequency. 
 
The sexennial frequency, however, led to a small decrease in stem 
diameter compared with the tendency.  The height of the multistemmed 
C. mopane trees increased with the decrease in fire frequency.  The 
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number of single- and multistemmed C. mopane trees decreased in 
correspondence to the decrease in fire frequency: 
 
Table 5.17: Frequency in Comparison with the Total Number 
of C. mopane Trees 
FREQUENCY NUMBER OF TREES 
Control 171 
Annual 382 
Biennial 217 
Triennial 175 
Quadrennial 174 
Sexennial 132 
 
The increase in fire frequency, therefore, leads to a dense C. mopane 
veld type, while a decrease in fire frequency will result in a more open 
veld type. 
 
From the results of the research it became clear to the researcher that 
the burning season does not play such an important role as the fire 
frequency in the C. mopane veld.  Literature, however, supports the 
researcher’s statement, especially when one considers the results of 
Trollope, Potgieter & Zambatis, (1990), which showed that the mortality of 
bush in the KNP was only 1,3% after fires that had been applied to bush 
ranging from dormant to actively growing plants. Therefore they 
concluded that it would appear as if bush is not sensitive to season of 
burning.  
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Two seasons, however, differed considerably in comparison with the rest 
of the seasons, namely February and August.  The two seasons can, in 
truth, be considered as the two extremes, February being the cold fires, 
and August for its hot fires.  In February one finds that the grass is green 
because of the summer rains, and the plots struggle to burn.  The cooler 
fires do very little damage to the trees.  The February fires in the biennial 
and triennial burning treatments coincide a lot with the sexennial burning 
treatment with regard to the number of multistemmed C. mopane trees. 
 
In August the grass is dormant and dry, and susceptible to fire.  This 
leads to very hot fires, which scorch the plots completely and 
consequently do a lot of damage to the trees, which cause coppicing and 
thereby result in more multistemmed trees. 
 
Cold fires, however, result in fewer C. mopane trees per hectare in both 
biennial and triennial burning treatments, while the hot fires in the annual 
and biennial burning treatments result in more multistemmed C. mopane 
trees.  The August fires (hot fires), however, do not play such an 
important role in the triennial burning treatments, which once again 
proves that fire frequency has a greater influence on the trees than the 
season of burning. 
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CHAPTER   6 
6. SUMMARY 
 
6.1 INTRODUCTION 
 
The recorded history of veld burning in the KNP started with the 
appointment of Colonel James Stevenson-Hamilton as warden of the 
Park, which was known as the Sabie Game reserve in July 1912. From 
1912 to 2001 the managers in the KNP practised six burning policies, 
which indicates clearly that there was uncertainty regarding the burning 
policies in die past.  The aim of this study was to investigate the effect of 
fire on the C. mopane veld in different seasons and at different 
frequencies with specific reference to the effect of fire on the grasses and 
trees in this specific veld type. This research will have to answer 
questions and confirm or refute assumptions on the historical active fire 
management approach within the Park, and it will help the new fire 
management and biodiversity approach with in the C. mopane veld of the 
KNP. 
 
6.2 RESULTS AND DISCUSSIONS 
 
The results clearly indicate that fire frequency does not play such a major 
role as the season and intensity of the fires do on the species composition 
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of the grass.  The results showed that burning during the dry seasons 
such as August, and even in February and April, which fall in and just 
outside the rainy season, during the biennial burning treatment, led to the 
highest increase in Increaser species.  The grass is actively growing in 
February and is still young in April.  The fire has a negative effect on the 
young grass, because the grass tillers are actively growing and the elevated 
shoot apices were more vulnerable, which leads to an increase in Increaser 
species.    
 
During the same season (August) in the annual burning treatment, 
however, the percentage Increaser species is not as high, due to the low 
amount of dry material that would ensure an intense fire.  Although during 
the triennial burning treatment there is sufficient dry material, the grass 
gets enough time to recuperate – subsequently there is a smaller 
percentage increase in Increaser species.   
 
The researcher can consequently make the assumption that an increase 
in fire intensity leads to an increase in Increaser species, and a decrease 
in Decreaser species, and vice versa.   
 
The researcher suggests that the availability of dry material (fuel load and 
fuel moisture) should be the determining factor of burning treatments if 
grass are to be considered.  
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Frequency of fires, however, play a much greater role with trees than with 
grass.  An increase in fire frequencies leads to an increase in small 
multistemmed C. mopane shrubs per hectare. Regular burning will result 
in an increase in short and small multistemmed C. mopane trees per 
hectare. Although the veld displays open, the number of trees per hectare 
increases.   
 
A decrease in fire frequency leads to an increase in singlestemmed trees, 
and a decrease in multistemmed trees.  A decrease in fire frequency thus 
results in larger and higher single- and multistemmed trees, which allows 
the veld to appear more densely, although fewer C. mopane trees are 
encountered per hectare in comparison to an increase in fire frequency.   
 
With trees, season of burning is not such a determining factor as is the 
fire frequency.  Two seasons, however, differed significantly in 
comparison with the rest of the seasons, namely February and August.  
These two seasons can in truth be regarded as the two extremes, 
February as the cold fires, and August renowned for the intense fires. 
  
Cold fires, therefore, resulted in fewer C. mopane trees per hectare, in 
both bi- and triennial burning treatments, while the intense fires during the 
annual en biennial burning treatments, resulted in many C. mopane trees 
per hectare. 
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